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EXECUTIVE SUMMARY 

BP Wind Energy North America, Inc. (BPWENA) is developing a wind-energy facility in five 
separate phases for a total build out capacity of 1,000 megawatts (MW) in Benton County, 
Indiana. Currently, the first three phases have a total energy capacity of 750 MW. The first phase 
of the facility, Fowler Ridge I, is jointly owned by BPWENA and Dominion Energy, Inc. and 
has a nameplate capacity of 301 MW.  The Fowler Ridge I Wind–Energy Facility (FRWEF-I) is 
located approximately 0.5 miles (0.8 km) south and east of Fowler, Indiana, and consists of 122 
Vestas V82 1.65-MW turbines and 40 Clipper C96 2.5-MW turbines. BPWENA contracted 
Western Ecosystems Technology, Inc. (WEST) to conduct a post-construction fatality 
monitoring study at the Fowler Ridge I facility.  The study was designed to assess the level of 
impacts to birds and bats (i.e., high, moderate, low) relative to other regional projects from 
operation of the wind-energy facility.  Because not all turbines were sampled and because all 
study plots were not completely cleared of crops, the study was not designed to quantify 
mortality with a high degree of accuracy for the entire wind energy facility, nor was it designed 
to detect every wind turbine casualty present on the site.  Monitoring at the Fowler Ridge I 
facility occurred from April 6 to October 30, 2009.  
 
FRWEF-I is located in western Indiana in Benton County. The topography of the site is mostly 
flat to slightly rolling and there are no hills, ridges, or other areas of starkly elevated topography. 
Habitat within and surrounding the FRWEF-I is dominated by tilled agriculture, with corn and 
soybeans being the dominant crops. Of the roughly 29,000 acres (about 43 mi2) within the 
FRWEF-I and half-mile (0.8-km) buffer, row crops compose 93%, developed areas compose 
5.7%, pastures/hayfields compose 1.7%, grasslands compose 0.1%, and forested areas compose 
0.4% of the land cover.  
 
The monitoring study for the FRWEF-I consisted of the following components: 1) standardized 
carcass surveys of selected turbines within a square plot centered on the turbine; 2) searcher 
efficiency trials to estimate the percentage of carcasses found by searchers; 3) carcass removal trials 
to estimate the length of time that carcasses remain in the field for possible detection; and 4) 
adjusted fatality estimates based on the results of searcher efficiency trials and carcass removal trials 
and proportion of the plot searched. 
 
Twenty-five wind turbines were included in the study, and nine of those had crops cleared in late 
summer within the search plot to facilitate conducting surveys in mature corn and soybean fields. 
To the extent possible, turbines were selected for sampling using a systematic design with a random 
start so that the search effort was spread throughout the entire wind-energy facility. However, some 
modifications to turbine sample selection had to be made to accommodate landowners who did not 
wish to participate in the study. Square plots 160 by 160 meters (525 by 525 feet) in size were 
established around the 25 turbines and systematically searched for carcasses. Standardized carcass 
surveys were conducted anywhere from twice a week to twice a month, with more intensive surveys 
conducted during the spring and fall migration periods.  
 
Searcher efficiency trials were conducted in the same areas as carcass surveys and searcher 
efficiency was estimated by the type of carcass (bird or bat), size of carcass (bird carcasses only) 



Fatality Monitoring at the Fowler Ridge I Wind-Energy Facility, Indiana 

 
Western EcoSystems Technology, Inc. ii April 12, 2010 

and season. Estimates of searcher efficiency were used to adjust the total number of carcasses 
found for those missed by searchers, correcting for detection bias. Carcass removal studies were 
conducted during each season, outside of the carcass search plots (i.e., near turbines that were 
not included in the standard search plots). Estimates of carcass removal were used to adjust the 
total number of carcasses found for those removed from the study plots, correcting for removal 
bias.  
 
A total of 778 turbine searches were conducted over the course of the fatality monitoring study. 
Twenty-eight birds and 156 bats were found during standardized carcass surveys or incidentally. 
Twenty-four birds comprised of 11 identified species were found during scheduled searches, and 
four additional bird fatalities were found incidentally. The most common bird species found as a 
casualty at the site was killdeer (four fatalities), followed by tree swallow (three), red-tailed hawk 
(three) and unidentified large bird (three); two unidentified ducks were also found as fatalities.  The 
three unidentified large birds and two unidentified ducks found during the study consisted entirely 
of a few large bones with no feathers or flesh remaining. The ducks were identified to type based on 
skull characteristics, but no skulls were found associated with the remaining three unidentified large 
birds.  The FRWEF-I is near an area designated as an Important Bird Area (IBA) due to high 
concentrations of staging American golden plovers during spring migration. Although concerns 
have been raised over the potential for collision mortality, no American golden plover fatalities 
were found during this study. 
 
Of all the bird fatalities, 35.6% were found within 30 m (99 feet) of the turbine, 28.5% were found 
from 31 to 60 m (100 to 197 feet), and 35.7% were found more than 60 m from the turbine. Most 
(64.2%) of the bird fatalities occurred during fall migration (September 3 to October 29), 25.0% 
occurred during spring migration (April 6 to May 25), and 10.7% occurred during the breeding 
season (June 10 to August 14).  
 
A total of 107 bat fatalities comprised of six species were found during scheduled searches, and 
an additional 49 bats were found incidentally. Most (94.2%) of the bat fatalities were migratory 
tree bats, including 56 eastern red bats (35.9%), 48 hoary bats (30.8%), 42 silver-haired bats 
(26.9%) and one unidentified Lasiurus spp. (either hoary or eastern red bat). The other bat 
fatalities included four big brown bats, three little brown bats, one northern long-eared bat, and 
one Indiana bat.  The Indiana bat is listed as an endangered species by the US Fish and Wildlife 
Service. The Indiana bat casualty was collected as an incidental casualty on September 11, 2009. 
The majority (88.2%) of bat fatalities were found within 40 m (131 feet) of the turbines, and 
most (73.7%) of the bat fatalities occurred from August 1 to September 15, with an additional 
12.8% found between September 16 and October 30.  
 
A total of 89 carcasses (17 large birds, 12 small birds, and 60 bats) were placed in the field 
during searcher efficiency trials conducted on 11 separate dates. Observer detection rates were 
64.3% for large birds, 37.5% for small birds, and 56.0% for bats. A total of 82 carcasses were 
placed in study area throughout the duration of the monitoring period for carcass removal trials, 
including 16 large birds, 12 small birds, and 54 bats. By day ten, approximately 30% of the bats 
remained, while approximately 20% of the large birds and nearly 35% of the small birds 
remained.  
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Seven turbines surveyed during the study season were lit with Federal Aviation Administration 
(FAA) mandated aviation strobe lights and 18 were unlit. There were no significant differences 
in the number of bird or bat fatalities occurring at turbines with or without FAA lighting.  
 
The estimated fatality rate and 90% confidence interval (CI) for the entire study period (all three 
study seasons) was 5.26 birds/turbine (90% CI = 3.52, 10.25) and 15.03 bats/turbine (10.89, 
20.52). Given the 301-MW nameplate capacity of the FRWEF-I, the overall fatality estimate for 
the entire study period (all three study seasons) was 2.83 bird fatalities/MW and 8.09 bat 
fatalities/MW.  
 
The estimated bird fatality rate of 2.83 birds/MW is lower than average compared to other wind-
energy facilities in the Midwest. Overall bird fatality estimates at seven Midwest wind-energy 
facilities located in Nebraska, Wisconsin, Minnesota, Iowa and Illinois have ranged from 0.6 to 
7.2 and averaged 4.28 birds/MW/year. The estimated bat fatality rate of 8.09 bats/MW would be 
considered moderate when compared to other wind-energy facilities in North America, and is 
somewhat below average based on the regional average for reported bat fatality estimates at 
seven wind energy facilities in the Midwest, where bat fatality estimates ranged from 0.8 to 30.6, 
and averaged 9.8 bats/MW/year.  
  
Species composition of bat fatalities was similar to that at most other wind-energy facilities, in 
that the majority (94.2%) of identified bat fatalities was comprised of three species of migratory 
tree bats, namely the hoary, eastern red and silver-haired bat. These three species typically 
comprise over 75% of bat fatalities at wind-energy facilities throughout North America. Based 
on the timing of fatalities for these three species and the lack of forest cover that might provide 
habitat for resident bats, most of the fatalities were apparently migrants through the area, as is the 
case at virtually all other wind energy facilities in North America. It seems unlikely that the 
FRWEF-I is located along a concentrated tree bat migration route, as there are no topographical 
features or large expanses of forested areas that would tend to concentrate migrating bats.  
 
Pre-construction ground-based bat acoustical surveys were conducted at the Fowler Ridge Wind 
Resource Area from August 15 – October 19, 2007 and from July 17 – October 15, 2008, time 
periods that cover the time frame during which most bat mortality at wind energy facilities 
occurs throughout North America.  Overall bat detections were low to moderate for sites in the 
Midwest, ranging from 4.7 bat calls/detector-night in 2007 to 6.45 bat calls/detector-night in 
2008.  Although only 3.2% of the bat casualties found at the FRWEF-I in 2009 were high-
frequency species (i.e., Myotis spp.), high-frequency bats comprised 49.0% of bat calls in 2007 
and 34.2% of bat calls recorded in 2008, suggesting that high frequency species such as Myotis 
bats may be much less susceptible to turbine collisions. 
 
The discovery of an Indiana bat turbine casualty at a wind-energy facility sited in a corn and 
soybean agroecosystem was unexpected. To our knowledge, this is the first Indiana bat related 
casualty documented at a wind-energy facility in North America, as well as the first documented 
casualty of a federally-listed bat species at a wind-energy facility. The Indiana bat casualty found 
during this study is also apparently the first record of Indiana bat in Benton County, Indiana. 
Based on the lack of Indiana bat summer habitat at or near the FRWEF-I, and the time frame that 
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the Indiana bat casualty occurred (estimated to be September 9, 2009), this individual was likely 
a migrant through the area.  
 
To date there have been fewer than 10 studies conducted to estimate bird and bat fatalities from 
wind turbine operations in the Midwest, and studies at the Fowler Ridge Wind Energy Facility 
represent the first such studies in Indiana.   Results of this study further contribute to our 
understanding of wind-energy impacts to birds and bats. As more wind-energy facilities are built 
in the region, and additional studies become available, a clearer picture of the impacts to birds 
and bats will emerge. 
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INTRODUCTION 

BP Wind Energy North America, Inc. (BPWENA) is developing a wind-energy facility in five 
separate phases for a total build out capacity of 1,000 megawatts (MW) in Benton County, 
Indiana. Currently, the first three phases have a total energy capacity of 750 MW. The first phase 
of the facility, Fowler Ridge I, jointly owned by BPWENA and Dominion Energy, with a 
nameplate capacity of 301 MW, is located approximately 0.5 miles (0.8 km) south and east of 
Fowler, Indiana, and consists of 122 Vestas V82 1.65-MW turbines and 40 Clipper C96 2.5-MW 
turbines. BPWENA contracted Western Ecosystems Technology, Inc. (WEST) to conduct a post-
construction fatality monitoring study at the Fowler Ridge I wind-energy facility to assess the 
level of impacts to birds and bats (i.e., high, moderate, low) relative to other regional facilities 
from operation of the Fowler Ridge I Wind-Energy Facility (FRWEF-I). Monitoring at the 
FRWEF-I occurred from April 6 to October 30, 2009, a time period that covered spring and fall 
migration as well as the summer breeding season.  
 
The monitoring study for the FRWEF-I consisted of the following components: 
 

1) Standardized carcass surveys of selected turbines within a square plot centered on the 
turbine; 

2) Searcher efficiency trials to estimate the percentage of carcasses found by searchers; 

3) Carcass removal trials to estimate the length of time that a carcass remained in the field for 
possible detection; and 

4) Adjusted fatality estimates based on the results of searcher efficiency trials, carcass removal 
trials, and the proportion of the plot searched. 

STUDY AREA 

The FRWEF-I is located in western Indiana in Benton County (Figure 1). The project area is 
within the Tipton Tall Plain physiographic region that includes much of central Indiana. It occurs 
within the Grand Prairie Natural Region that includes a small section of north central Indiana 
(Mumford and Whitaker 1982). The topography of the FRWEF-I is mostly flat to slightly rolling 
and there are no hills, ridges, or other areas of starkly elevated topography. Elevations in the 
project area range from approximately 700-800 ft (213-244 m). The project area averages 40 
inches (102 centimeters [cm]) of precipitation per year and temperatures range from 19 – 45 °F (-
7.2 – 7.3 °C) in January to 65 – 86 °F (18 – 30 °C) in July. Soils in the project area are various 
combinations of silt loam, clay loam, loam, silty clay loam, sandy loams and sandy clays 
(USDA-NRCS 2006). Much of the area is classified as prime farmland based on soil type. The 
FRWEF-I is dominated by tilled agriculture, with corn (Zea mays) and soybeans (Glycine max) 
being the dominant crops. Of the roughly 29,000 acres (about 43 square miles [mi2]) of the 
Fowler Ridge I facility and a half-mile (0.80 km) buffer, row crops compose about 93% of the 
area (Homer et al. 2004; Table 1; Figure 2). After tilled agriculture, the next most common land 
use within the FRWEF-I and the buffer is developed areas, which compose 5.7% of the total, and 
pastures/hayfields, which compose 1.7%. There are 14.8 acres (0.02 mi2) of grasslands, 
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composing only 0.1% of the study area. Grasslands in the study area are limited primarily to 
strips along drainages, railroad rights-of-way (ROW), and ROWs along county and state roads. 
There are also a few grass-lined waterways within cultivated fields in the area. Trees in the study 
area occur at homesteads, along some of the drainages and fencerows, and in some pastures. 
Several tree rows planted as wind breaks also occur in the area. Forested areas are rare within the 
study area based on 2001 data (Homer et al. 2004), and the 118.1 acres (0.18 mi2) of forest 
compose only 0.4% of the total. Small amounts of barren ground, open water, and woody 
wetlands are also present. 

METHODS 

The primary objective of the monitoring study was to estimate the level (high, moderate, or low) 
of bird and bat mortality attributable to collisions with wind turbines relative to other regional 
wind-energy facilities for the entire FRWEF-I. Because not all turbines were sampled and 
because completely cleared plots were not used for all turbines sampled in the study, the study 
was not designed to quantify mortality with a high degree of accuracy for the entire wind energy 
facility, nor was it designed to detect every wind turbine casualty present on the site.  The 
monitoring study began after the wind-energy facility became fully operational. Monitoring began 
on April 6 and continued through October 30, 2009, to cover the spring and fall migration, as well 
as the summer breeding season. The methods for the fatality study were broken into four primary 
components: 1) standardized carcass surveys of selected turbines; 2) searcher efficiency trials to 
estimate the percentage of carcasses found by searchers; 3) carcass removal trials to estimate the 
length of time that a carcass remains in the field for possible detection; and 4) adjusted fatality 
estimates for bird and bat species calculated using the results from searcher efficiency trials, 
carcass removal trials, and proportion of the plot searched to estimate the total number of bird 
and bat fatalities within the FRWEF-I.  
 
There are three scenarios under which casualties were found in the FRWEF-I: 1) during the 
standardized surveys for the study; 2) while observers were on site, but not conducting a 
standardized search (i.e., an incidental find); and 3) by facility personnel or others on-site for other 
purposes, such as turbine maintenance. All casualties found by study personnel regardless of timing 
(i.e., during a standardized survey or not) were recorded by the methods described below. However, 
only casualties found on established search plots during scheduled searches were used to estimate 
total mortality for the wind energy facility. 
 
All bird and bat casualties located within the search areas, regardless of species, were recorded and 
a cause of death determined, if possible, based on field inspection of the carcass. The total number 
of bird and bat carcasses was estimated by adjusting for search frequency, removal bias (length of 
stay in the field), searcher efficiency bias (percent found), and proportion of the survey plot 
searched. For carcasses where the cause of death was not apparent, the assumption that the casualty 
was a wind turbine collision casualty was made for the analysis. This approach likely led to an 
overestimate of the true number of facility-related avian fatalities, but most studies of wind-energy 
facilities have used this conservative approach because of the relatively high costs associated with 
obtaining accurate estimates of natural or reference mortality (see Johnson et al. 2000).  
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Field Methods 

The protocol developed for the study suggested that 32 turbines, or 20% of those available, be 
included in the study. Most of the turbines were placed in corn and soybean fields. Because searcher 
efficiency in these crop types would be extremely low from early summer until the crops are 
harvested in late October, the protocol suggested that half (16) of the 32 turbines have crops cleared 
to facilitate conducting fatality surveys, similar to the methods used to clear crops for searching 
turbines at the Top of Iowa wind-energy facility in Iowa (Jain 2005). However, due to difficulties 
with numerous landowners not wishing to participate in the study, or not wanting crops cleared 
around study turbines, 25 turbines (15.4% of those available) were ultimately included in the study, 
and nine of those had crops cleared. To the extent possible, turbines were selected for sampling 
using a systematic design with a random start so that the search effort was spread throughout the 
entire FRWEF-I. However, some modifications to turbine sample selection had to be made to 
accommodate landowners who did not wish to participate in the study (Figure 3). 
 
Square plots were established around the 25 turbines and systematically searched for carcasses. 
Search plots at turbines were 160 m (525 ft) on a side to ensure all areas within 80 m (262 ft) of the 
turbine were searched. Studies at facilities with other large turbines, such as the Klondike wind-
energy facility in Oregon (Johnson et al. 2003b), the Combine Hills facility, also in Oregon (Young 
et al. 2005), and the Crescent Ridge facility in Illinois (Kerlinger et al. 2007), indicate most of the 
fatalities are found within the area that is roughly equivalent to the height of the turbine tower.  
 
Prior to when corn and soybean crops began to mature (April 6 to July 3, 2009), the entire 160-m2 
(6.3-acre) plot was searched for all turbines. After July 3, search plots were created by mowing 
established crops. One of the nine cleared turbines had the entire 160 m2 search plot cleared of 
vegetation, whereas in each of the remaining eight turbine plots five strips were cleared of 
vegetation. Each cleared strip was 500 feet (152-m) long and 10 feet (3 m) wide. One cleared strip 
was centered vertically on the turbine, and the other four strips were placed horizontally at varying 
distances from the turbine. Half the turbines had these strips placed 10, 30, 50 and 70 m (33, 98, 
164, and 230 ft) from the turbine; the other half had strips placed at 20, 40, 60 and 80 m (66, 131, 
197, and 262 ft) from the turbine (see example in Figure 4). This design ensured that all distances 
from 0 to 80 m away from the turbine were covered during searches. In addition to searching the 
cleared strips, the portion of the turbine access road within 80 m of the turbine and the turbine pad 
were also searched. Sixteen of the turbines did not have any crops cleared for searching and the 
entire 160-m2 plot was searched from April 6 to August 16, 2009. After August 16, only clear areas, 
including the turbine pad, access road within 80 m of the turbine, and any other portions of the plot 
without crops (i.e., areas disturbed by recent construction or flooded areas where crops would not 
grow), were searched at these turbines because the ability to detect a carcass within the mature corn 
and soybean fields was greatly reduced. A global positioning system (GPS) was used to measure the 
total area (cleared strips, turbine pads, access roads, etc.) actually searched at each turbine. 
 
From the start of the study on April 6 through May 21 (spring migration), half of the plots were 
searched weekly, including the one plot scheduled to have the entire search area cleared, three plots 
scheduled to have cleared search strips, and eight plots with no scheduled crop clearing. The other 
half of the plots were searched once every two weeks, including five plots scheduled to have cleared 
strips and eight plots with no clearing. From May 22 through August 15 (summer), all 25 plots were 
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searched twice a month.  Beginning on August 16 and continuing through the end of the study on 
October 30, all 25 plots were searched twice a week. 

Standardized Carcass Surveys 

The objective of the standardized carcasses surveys was to systematically search the wind-energy 
facility for bird and bat casualties that were attributable to collision with project facilities. Study 
personnel were trained in proper search techniques prior to conducting the carcass surveys.  
 
The condition of each carcass found was recorded using the following categories: 
 

 Intact - a carcass that is completely intact, is not badly decomposed, and shows no 
sign of being fed upon by a predator or scavenger. 

 Scavenged - an entire carcass, which shows signs of being fed upon by a predator or 
scavenger, or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, 
portion of a carcass, etc.), or a carcass that has been heavily infested by insects. 

 Feather Spot - ten or more feathers or two or more primaries at one location 
indicating a bird fatality had been there. 

 
All carcasses were labeled with a unique number, bagged, and frozen for future reference and 
possible necropsy. A copy of the data sheet for each carcass was maintained with the bagged and 
frozen carcass at all times. For all casualties found, data recorded included species, sex and age 
when possible, date and time collected, GPS location, condition (intact, scavenged, feather spot), 
and any comments that indicated possible cause of death. All casualties were photographed as 
found.  
 
Casualties found outside the formal search area were treated following the above protocol as closely 
as possible. Casualties observed in non-search areas (generally at turbines not included in the study) 
were coded as incidental discoveries and were documented in a similar fashion as those found 
during standard searches. Casualties found by wind turbine maintenance personnel and others not 
conducting the formal searches were similarly documented and included in the overall dataset. 

Searcher Efficiency Trials 

The objective of the searcher efficiency trials was to estimate the percentage of casualties found 
by searchers. Searcher efficiency trials were conducted in the same areas as carcass surveys and 
searcher efficiency was estimated by the type of carcass (bird or bat), size of carcass (only bird 
carcasses) and season. Estimates of searcher efficiency were used to adjust the total number of 
carcasses found for those missed by searchers, correcting for detection bias. 
 
Searcher efficiency trials were conducted 11 times throughout the study period. Observers 
conducting carcass surveys did not know when searcher efficiency trials were being conducted or 
the location of the trial carcasses. A total of 89 carcasses (17 large birds, 12 small birds, and 60 bats) 
were placed on 11 dates. Carcasses used for searcher efficiency trials were primarily non-
native/non-protected or commercially available species, such as house sparrows (Passer 
domesticus), northern bobwhites (Colinus virginianus), ring-necked pheasants (Phasianus 
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colchicus), and mallards (Anas platyrhynchos). The 60 bats used for the trials were all fresh, non-
myotis species previously found during the study. All searcher efficiency trial carcasses were placed 
at random locations within the search area prior to that day’s scheduled carcass survey. Each trial 
carcass was discreetly marked (e.g., thread or tape) so that the carcass could be identified as a study 
carcass after it was found. The number and location of the searcher efficiency carcasses found 
during the carcass survey were recorded. The number of carcasses available for detection during 
each trial was determined immediately after the trial by the person responsible for distributing the 
carcasses. 

Carcass Removal Trials 

The objective of carcass removal trails was to estimate the average length of time a carcass 
remained in the study area and was potentially detectable. Carcass removal included removal by 
predation or scavenging, or removal by other means, such as being plowed into a field. Carcass 
removal studies were conducted during each season. Estimates of carcass removal were used to 
adjust the total number of carcasses found for those removed from the study plots, correcting for 
removal bias.  
 
Trials were spread throughout the study period to incorporate the effects of varying weather, 
climatic conditions, and scavenger densities. A total of 82 carcasses were placed throughout the 
duration of the monitoring period (May 1 through October 19, 2009), including 16 large birds, 12 
small birds, and 54 bats. Carcass composition was similar to that used for searcher efficiency trials. 
 
Removal trial carcasses were not placed in the standardized search plots in order to minimize the 
chance of confusing a trial carcass with a turbine casualty. Turbines not included in the standardized 
carcass surveys were randomly selected for inclusion in the removal trials. Trial carcasses were 
randomly placed at selected turbines within a plot of similar size to the actual search plots.  
 
Personnel conducting carcass searches monitored the trial birds over a 40-day period, checking the 
carcasses every day for the first four days of the trial, and then on day 7, day 10, day 14, day 20, 
day 30, and day 40. This schedule varied somewhat depending on weather and coordination with 
the other survey work. Removal trial carcasses were marked discreetly (e.g., with dark electrical 
tape around one or both legs) for recognition by searchers and other personnel, and left at the 
location until the end of the carcass removal trial. At the end of the 40-day period, any remaining 
evidence of the carcass was removed. 

Search Area 

The third factor to be determined in order to adjust the number of fatalities found was the proportion 
of the turbine plot searched. From April 6 to July 3, the entire 160-m2 plot was searched at all 25 
turbines. After July 3, as crops began to mature, for those nine turbines with cleared crops, the entire 
160-m2 plot was searched at the one turbine that had the entire search plot cleared of crops, whereas 
only the five cleared search strips, and the bare gravel turbine pads and turbine access road surfaces 
within 80 m of the turbine were searched at the remaining eight turbines. The total area 
encompassed by the five cleared search strips in each plot was 2,447.6 m2. The proportion of area 
searched decreased as distance from the turbine increased. For example, on average approximately 
87% of the area within 10 m of a turbine was searched, whereas only approximately 21% of the area 
between 71 and 80 m was searched (Figure 5). The distance each casualty was found from the 
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turbine was used to adjust for the search area. For the 16 turbine plots without cleared strips, the 
entire 160-m2 plot was searched from April 6 to August 16, at which time the crops had grown to 
the point that they could no longer be effectively searched.  After August 16, only the gravel pad, 
access road within 80 m of the turbine, and any other areas where visibility was acceptable were 
searched.  

Statistical Methods 

Statistical Methods for Fatality Estimates 

Estimates of facility-related fatalities were based on: 
 

(1) Observed number of carcasses found during standardized searches during 
the monitoring period for which the cause of death was either unknown or 
was probably facility-related; 

(2) Non-removal rates expressed as the estimated average probability a carcass 
was expected to remain in the study area and be available for detection by 
the searchers during removal trials; and 

(3) Searcher efficiency expressed as the proportion of planted carcasses found 
by searchers during searcher efficiency trials. 

 
Fatality estimates were calculated for all birds, large birds, and bats. The numbers of bird and bat 
carcasses found incidentally and during scheduled searches were reported. All carcasses located 
within areas surveyed, regardless of species, were recorded and, if possible, a cause of death was 
determined based on a cursory field necropsy. Total numbers of bird and bat carcasses were 
estimated by adjusting for scavenger removal, searcher efficiency, and proportion of the plot 
searched. If the cause of death was not apparent, a “worst case” presumption was made by 
attributing the mortality to the operation of the wind-energy facility. 
 
Definition of Variables 
The following variables are used in the equations below: 
 
ci the number of carcasses detected at plot i for the study period of interest, for which the 

cause of death is either unknown or is attributed to the facility 

n the number of search plots 

k the number of turbines searched 

c  the average number of carcasses observed per turbine per monitoring period 

s the number of carcasses used in removal trials 

sc the number of carcasses in removal trials that remain in the study area after 30 days 

se standard error (square of the sample variance of the mean) 

ti the time (in days) a carcass remains in the study area before it is removed, as 
determined by the removal trials 
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t  the average time (in days) a carcass remains in the study area before it is removed, as 
determined by the removal trials 

d the total number of carcasses placed in searcher efficiency trials 

p the estimated proportion of detectable carcasses found by searchers, as determined by 
the searcher efficiency trials 

I the average interval between standardized carcass searches, in days 

A proportion of the search area of a turbine actually searched 

̂  the estimated probability that a carcass is both available to be found during a search and 
is found, as determined by the removal trials and the searcher efficiency trials 

m the estimated average number of fatalities per turbine per monitoring period, adjusted 
for removal and searcher efficiency bias 

 
Observed Number of Carcasses 
The estimated average number of carcasses (c ) observed per turbine for the entire monitoring 
period is:  
 

 1
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Estimation of Carcass Non-Removal Rates 
Estimates of carcass non-removal rates were used to adjust carcass counts for removal bias. 
Mean carcass removal time ( t ) was the average length of time a carcass remained in the study 
area before it was removed: 
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Estimation of Searcher Efficiency Rates 
Searcher efficiency rates were expressed as p, the proportion of trial carcasses that were detected 
by searchers during the searcher efficiency trials. These rates were estimated by carcass size and 
season. 
 
Estimation of Facility-Related Fatality Rates 
The estimated per turbine annual fatality rate (m) was calculated by: 
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c
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where ̂  included adjustments for both carcass removal (from scavenging and other means) and 
searcher efficiency bias. Data for carcass removal and searcher efficiency bias were pooled 
across the study to estimatê .  
 
̂  was calculated as follows:  
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This formula has been independently verified by Shoenfeld (2004). The final reported estimates 
of m and associated standard errors and 90% confidence intervals (CI) were calculated using 
bootstrapping (Manly 1997). Bootstrapping is a computer simulation technique that is useful for 
calculating point estimates, variances, and CI for complicated test statistics. For each bootstrap 

sample, c , t , p, ̂ , and m were calculated. A total of 5,000 bootstrap samples were used. The 
reported estimates were the mathematical means of the 5,000 bootstrap estimates. The standard 
deviation of the bootstrap estimates is the estimated standard error. The lower 5th and upper 95th 
percentiles of the 5,000 bootstrap estimates are estimates of the lower limit and upper limit of the 
90% CI.  

RESULTS 

Standardized Carcass Surveys 

Twenty-five wind turbines were searched over the course of the fatality monitoring study, for a total 
of 778 turbine searches. Twenty-eight birds and 156 bats were found during standardized carcass 
surveys or incidentally (Table 2).  

Bird Fatalities 

Twenty-four birds comprised of 11 identified species were found during scheduled searches 
(Table 2 and Figure 6), and four additional bird fatalities were found incidentally. The most 
common bird species found as a casualty at the site was killdeer (Charadrius vociferus; four 
fatalities), followed by tree swallow (Tachycineta bicolor; three), red-tailed hawk (Buteo 
jamaicensis; three) and unidentified large bird (three); two unidentified ducks were also found. 
The three unidentified large birds and the two unidentified ducks found during the study 
consisted entirely of a few large bones with no feathers or flesh remaining. The ducks were 
identified to type based on skull characteristics, but no skulls were found associated with the 
three unidentified large birds.  
 
The greatest number of bird fatalities found at any one turbine was six at Turbine 629 (Figure 7). 
These included one blue-winged teal (Anas discors), two unidentified ducks, and one 
unidentified large bird found during the initial phases of the study (April 10 to May 6, 2009).). 
Turbine 629 had a large pool of water (approximately 200-m [656-ft] long by 30-m [98-ft] wide) 
within the search plot, which may have attracted waterfowl. None of the other turbines had 
persistent water present during surveys. Turbine 152 had three fatalities, whereas all other search 
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turbines had none, one, or two fatalities (Figure 7). No bird fatalities were found at Turbine 249, 
which had the entire search plot cleared of vegetation. With the exception of Turbine 629, bird 
mortality did not appear to be concentrated within any portion of the study area.  Of the bird 
fatalities, 35.6% were found within 30 m of the turbine, 28.5% were found from 31-60 m, and 
35.7% were found beyond 60 m of the turbine (Table 3 and Figure 8). Most (64.2%) of the bird 
fatalities occurred during fall migration (September 3 to October 29), 25.0% occurred during 
spring migration (April 6 to May 25), and 10.7% occurred during the breeding season (June 10 to 
August 14; Figure 9). Of the bird fatalities, 39.3% were intact, 39.3% were scavenged, and 
21.4% were feather spots (Appendix A). 

Bat Fatalities 

A total of 107 bat fatalities comprised of six species were found during scheduled searches and 
an additional 49 bats were found incidentally (Table 2; Figure 10). Most (94.2%) of the fatalities 
were migratory tree bats, including 56 eastern red bats (Lasiurus borealis; 35.9%), 48 hoary bats 
(Lasiurus cinereus; 30.8%), 42 silver-haired bats (Lasionycteris noctivagans; 26.9%) and one 
unidentified Lasiurus spp. (either hoary or eastern red bat). The other bat fatalities included four 
big brown bats (Eptisecus fuscus), three little brown bats (Myotis lucifugus), one northern long-
eared bat (Myotis septentrionalis), and one Indiana bat (Myotis sodalis).  
 
The Indiana bat is listed as an endangered species by the US Fish and Wildlife Service (USFWS; 
USFWS 2010). The casualty was found by a BPWENA turbine maintenance worker and 
reported to WEST on September 10, 2009.  WEST collected the bat as an incidental casualty on 
September 11, 2009.  It was located 16 m (52 feet) from Turbine 230 (Figure 10). The carcass 
was a female and was intact. Although it was slightly decomposed, the bat was estimated to have 
been killed the night prior to when it was first discovered, or on September 9, 2009.  The bat was 
stored in a WEST freezer until being tentatively identified as an Indiana bat on November 13, 
2009 while a WEST field biologist was reviewing all bird and bat casualties at the end of the 
field study to confirm identifications.  The identification was confirmed by Jeremy Jackson with 
Jackson Environmental on November 16, 2009.  On November 17, 2009, voicemail messages 
were left notifying both the USFWS and IDNR of the Indiana bat casualty.  On November 18, 
2009, both the USFWS and IDNR returned the previous call and were notified of the potential 
Indiana bat find.  On November 18, 2009, WEST sent a skin sample from the bat for DNA 
testing to Portland State University, and the bat was transferred on November 19, 2009 to Mike 
Litwin of the USFWS.  On December 12, 2009, the DNA lab notified WEST that the specimen 
was positive for Indiana bat; this information was then relayed to the USFWS and IDNR on 
December 28, 2009. The USFWS conducted a necropsy of the bat carcass, which found that due 
to desiccation of the limbs it could not be determined whether the identified fractures of the ribs, 
right clavicle, left wing and left mandible occurred after the bat had died or were the result of 
injuries sustained at the time of death.  
 
The greatest number of bat fatalities found at any one turbine was 18 fatalities at Turbine 606. 
Thirteen fatalities were found at Turbine 265, while fatalities at other turbines ranged from none 
to nine (Figure 11). Six bat fatalities were found at Turbine 249, which had the entire search plot 
cleared of vegetation. The majority of bat fatalities (88.2%) were found within 40 m of the 
turbines (Table 3 and Figure 12). Most (73.7%) of the bat fatalities occurred from August 1 to 
September 15 (Figure 13). An additional 12.8% were found between September 16 and October 
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30; therefore, 86.5% of all fatalities were found from August 1 to October 30. Thirteen bat 
fatalities were found between April 6 and May 25, and only eight were found in June and July. 
Most (85.8%) of the bat fatalities were intact while 14.2% were scavenged (Appendix A). 

Searcher Efficiency Trials 

A total of 89 carcasses (17 large birds, 12 small birds, and 60 bats) were placed in the field 
during searcher efficiency trials conducted on 11 separate dates (Table 4). Observer detection 
rates were 64.3% for large birds, 37.5% for small birds, and 56.0% for bats (Table 4).  

Carcass Removal Trials 

A total of 82 carcasses were placed in study area throughout the duration of the monitoring 
period, including 16 large birds, 12 small birds, and 54 bats. By day ten, approximately 30% of 
the bats remained, while approximately 20% of the large birds and nearly 35% of the small birds 
remained (Figure 14).  
 
For weekly searches, approximately 92.5% of the bat and 58.8% of the bird fatalities were 
estimated to have been killed within the previous seven days (Table 5). For biweekly searches, it 
was estimated that 96.4% of the bat and 62.5% of the bird fatalities had been present less than a 
week (Table 5). 

Adjusted Fatality Estimates 

Fatality estimates, standard errors, and CI were calculated for birds and bats (Appendices B and 
C). The fatality estimates were adjusted based on the corrections for carcass removal, observer 
detection bias, and the proportion of the plot searched. Based on searcher efficiency and the 
carcass removal rate at the site, the estimated average probability for all search intervals that a 
casualty would remain in the plot until a scheduled search and would be found was 51% for 
small birds, 62% for large birds, and 56% for bats (Table 6).  
 
Because all three raptors found during the study were found as incidental fatalities and not 
during standardized searches, separate fatality estimate for raptors could not be calculated. The 
estimated fatality rate and 90% CI for the entire study period (all three study seasons) was 5.26 
birds/turbine (3.52, 10.25) and 15.03 bats/turbine (10.89, 20.52; Table 6). Given the 1.65 and 
2.5-MW capacity of turbines at the FRWEF-I, the overall fatality estimate for the entire study 
period was 2.83 bird fatalities/MW and 8.09 bat fatalities/MW. Given that the project is 301 MW 
in size, the estimated number of fatalities during the study period for the entire facility was 852 
birds and 2,435 bats. 

Lighting Effects and Turbine Location Effects 

Seven turbines surveyed during the study season were lit with mandated Federal Aviation 
Administration (FAA) aviation strobe lights and 18 were unlit. Not including incidental finds, 
four bird carcasses were found at lit turbines (0.57 fatalities/turbine), compared to 21 at unlit 
turbines (1.17 fatalities/turbine; Table 7). The difference in means between lit and unlit turbines 
was -0.59 with a 90% CI of -1.65 to 0.46 (Table 7).  Because the 90% CI included the value 0, 
this indicates that presence of turbine lighting had no effect on bird fatality rates.  
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Not including incidental finds, 39 bat carcasses were found at lit turbines (5.57 fatalities/turbine) 
and 73 were found at unlit turbines (4.06 fatalities/turbine). The difference of means between lit 
and unlit turbines was 1.52 with a 90% CI of -1.77 to 4.80 (Table 7), again indicating that turbine 
lighting had no effect on bat fatality rates. 

DISCUSSION 

Fatality Estimates  

The approach used for calculating adjusted fatality estimates is consistent with the approach 
outlined by Shoenfeld (2004) and Erickson (2006), and accounted for search interval, total area 
searched, proportion of area searched at specific distances from the turbine, searcher efficiency 
rates, and carcass removal rates. It is hypothesized that scavenging could change through time at 
a given site and must be accounted for when attempting to estimate fatality rates. We accounted 
for this by conducting scavenging trials throughout the monitoring period. We also estimated 
searcher efficiency rates throughout the study period to account for any biases associated with 
changes in conditions.  
 
We calculated separate estimates of bird and bat fatality rates based on search interval. For both 
birds and bats, overlapping CI for overall fatality estimates based on weekly and biweekly search 
intervals (Tables 6 and 7) indicate that the estimates were consistent regardless of search 
interval. However, given the estimated scavenging rates of birds and bats, the weekly estimates 
are likely more reliable.  
 
There are numerous factors that could contribute to both positive and negative biases in 
estimating fatality rates (Erickson 2006). The design of this study incorporated several 
assumptions or factors that may affect the results of the fatality estimates. It was assumed that all 
carcasses found during this study were due to collision with wind turbines; however, the true 
cause of death is unknown for most of the bird fatalities. It is possible that some of the bird 
fatalities were caused by predators, and some of the casualties included in the data pool were 
potentially due to natural causes (background mortality). In contrast, it is unlikely that any of the 
bat fatalities were due to factors not related to interactions with wind turbines. 
 
There are some other potential negative biases. For example, no adjustments were made for 
fatalities possibly occurring outside of the square plot boundaries, which were established a 
minimum distance of 80 m from the turbines. The search plot distance for this study was selected 
based on results of other studies (Higgins et al. 1996; Johnson et al. 2002, 2003a, 2004; Erickson 
et al. 2004; Young et al. 2003b, 2005; Kerlinger et al. 2007) in which a distance equal to the 
approximate height of the turbine hub appeared to capture the vast majority of fatalities. Based 
on the distribution of fatalities as a function of distance from turbines (Figures 8 and 12), a small 
percentage of bird and bat fatalities possibly fell outside the search plots and may have been 
missed. This factor would lead to an underestimate of fatality rates.  
 
Other potential biases are associated with the experimental carcasses used in searcher efficiency 
and carcass removal trials in terms of whether or not they are representative of actual turbine 
fatalities. If the types of birds used are larger or smaller than turbine fatalities, or more or less 
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cryptic in color than actual fatalities, then the potential for biased estimates increases. House 
sparrows, northern bobwhites, ring-necked pheasants, and mallards were used to represent the 
range of bird fatalities expected. It is believed that this range of species and sizes of birds 
captured the range of sizes and other characteristics of actual fatalities and should result in 
reasonable estimates of scavenging rates and searcher efficiency for birds as a group. Because 
we used fresh bat carcasses found during the study for searcher efficiency and scavenger removal 
studies, no biases should be associated with these data for the species most commonly found 
(eastern red, hoary and silver-haired bats). However, because Myotis bats are smaller and more 
cryptically colored than the tree bats, searcher efficiency rates may be lower than estimated for 
Myotis bats, although bats in this genus comprised only a minor amount (3.2%) of the fatalities.   
 
Concern has also been raised regarding how the number of carcasses placed in the field for 
carcass removal trials on a given day could lead to biased estimates of scavenging rates. 
Hypothetically, this would lead to underestimating true scavenging rates if the scavenger 
densities are low enough such that scavenging rates for the placed carcasses are lower than for 
actual fatalities. The logic is that if the trials are based on too many carcasses on a given day, 
scavengers are unable to access all trial carcasses, whereas they could access all wind turbine 
collisions. If this is the case, and the trial carcass density is much greater than actual turbine 
casualty density, the trials would underestimate scavenging rates compared to scavenging rates 
of actual fatalities. In this study, 82 carcasses were placed for scavenger trials during the study 
period and we believe this was not a high enough density to create a significant bias. 

Bird Fatalities  

The estimated overall bird fatality rate of 2.83 birds/MW is below average compared to other 
wind-energy facilities in the Midwest (Figure 15). The range of overall bird fatality estimates for 
48 studies at wind-energy facilities across North America ranged from no fatalities to 13.93 
birds/MW/year. Compared to these other facilities, the FRWEF-I ranked 17th (Figure 15). 
Overall bird fatality estimates at seven Midwest wind-energy facilities located in Nebraska, 
Wisconsin, Minnesota, Iowa, and Illinois (BHE Environmental, Inc. 2010, Derby et al. 2007; 
Gruver et al. 2009; Howe et al. 2002; Johnson et al. 2000, 2002; Jain 2005; Kerlinger et al. 2007) 
have ranged from 0.6 to 7.2, and averaged 4.28 birds/MW/year (Figure 15).  
 
The FRWEF-I is near an area designated as an Important Bird Area (IBA) due to high 
concentrations of staging American golden plovers (Pluvialis dominica) during spring migration. 
Although concerns have been raised over the potential for collision mortality, no American 
golden plover fatalities were found during this study. No species of birds found as fatalities at the 
FRWEF-I are state or federally listed species, and all are relatively common birds in Indiana. 
Based on the relatively small estimate of per-turbine avian mortality at the FRWEF-I, and the 
fact that this mortality occurred throughout the year and did not disproportionately affect any one 
species, it is unlikely that operation of this facility will result in any significant impacts to bird 
populations, as has been the case at other operating wind-energy facilities in North America 
(Johnson and Stephens 2010).  

Bat Fatalities  

The estimated bat fatality rate at FRWEF-I of 8.09 bats/MW/year would be considered moderate 
when compared to other wind-energy facilities in North America (Figure 16), and is somewhat 
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below  average based on the regional average for reported bat fatality estimates at wind-energy 
facilities in the Midwest. Bat fatality estimates from 48 studies at other wind-energy facilities 
across North America ranged from none to 39.7 fatalities/MW/year. Compared to these other 
facilities, the FRWEF-I ranked 16th (Figure 16). At seven other wind-energy facilities in the 
Midwest (BHE Environmental Inc. 2010, Derby et al. 2007; Gruver et al. 2009; Howe et al. 
2002; Johnson et al. 2003, 2004; Jain 2005; Kerlinger et al. 2007), bat fatality estimates ranged 
from 0.8 to 30.6, and averaged 9.8 fatalities/MW/year (Figure 16). With the exception of two 
facilities in Wisconsin (both of which were also located in a corn and soybean agroecosystem), 
where estimated bat mortality was 24.6/MW/year (Gruver et al. 2009) and 30.6/MW/year (BHE 
Environmental, Inc. 2010), the highest fatality estimates for bats have come from the eastern US, 
particularly the Appalachian region where estimates have ranged from 15.7 to 39.7 
bats/MW/year (Arnett et al. 2008).  
 
Six of the seven fatality monitoring studies from the Midwest were conducted primarily in a 
matrix of corn and soybeans, similar to conditions at the FRWEF-I. However, only BHE 
Environmental Inc. (2010), Jain (2005) and Gruver et al. (2009) attempted to maintain a portion 
of the search plots in a low- or no-vegetative condition as we did in this study. During the 
growing season, searching in un-mowed crop fields becomes progressively more physically 
difficult, and progressively less effective from a searcher efficiency standpoint. Thus the most 
ready comparison of results from the FRWEF-I, based on similarity of methods and habitat, is to 
the Top of Iowa wind-energy facility in north-central Iowa (Jain 2005), the Blue Sky Greenfield 
facility in  Wisconsin (Gruver et al. 2009), and the Cedar Ridge wind project in Wisconsin (BHE 
Environmental, Inc. 2010). Interestingly, Jain (2005), Gruver et al. (2009), BHE Environmental, 
Inc. (2010) and this study reported higher numbers of fatalities than any of the other studies 
conducted in the Midwest that did not clear crops for searching.  
 
Pre-construction ground-based bat acoustical surveys were conducted at the Fowler Ridge Wind 
Resource Area from August 15 – October 19, 2007 (Gruver et al. 2007) and from July 17 – 
October 15, 2008 (Carder et al. 2009), time periods that cover the time frame during which most 
bat mortality at wind energy facilities occurs throughout North America.  Overall bat detections 
were low to moderate for sites in the Midwest, ranging from 4.7 bat calls/detector night in 2007 
to 6.45 bat calls/detector night in 2008.  Although only 3.2% of the bat casualties found at the 
FRWEF-I in 2009 were high-frequency species (i.e., Myotis spp.), high-frequency bats 
comprised 49.0% of bat calls in 2007 and 34.2% of bat calls recorded in 2008, suggesting that 
high frequency species such as Myotis bats may be much less susceptible to turbine collisions. 
 
Landscape and habitat context have both been proposed as hypotheses to explain bat fatalities at 
wind-energy facilities. For example, in the eastern US, clearings cut into the forested ridges on 
which some wind-energy facilities are built are thought to contribute to the relatively high 
numbers of bat fatalities at these sites, as clearings create potential foraging habitat, and ridges 
may serve as attractive linear features during foraging, commuting, or migration (Kunz et al. 
2007). None of those features are present at the FRWEF-I. However, the relatively large 
numbers of bat fatalities reported in Wisconsin (BHE Environmental, Inc. 2010, Gruver et al. 
2009), Iowa (Jain 2005), and southwestern Alberta (Baerwald 2006) indicate that an open 
landscape is no guarantee of low mortality.  
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Species composition of bat fatalities at the FRWEF-I was similar to that at most other wind-
energy facilities, in that the majority (94.2%) of bat fatalities was composed of three migratory 
tree bat species, namely the hoary, eastern red, and silver-haired bat. These three species 
typically compose over 75% of bat fatalities at wind-energy facilities throughout North America 
(Johnson 2005, Arnett et al. 2008). Based on the timing of fatalities for these three species and 
the lack of forest cover that might provide summer habitat for bats, most of the fatalities were 
apparently migrants through the FRWEF-I, as is the case at virtually all other wind-energy 
facilities in North America (Johnson 2005, Arnett et al. 2008). Although it is known that most 
bat mortality occurs during fall migration, it is not known if migrating bats are particularly 
susceptible, or if other aspects of their behavior, such as mating or feeding behavior, change 
during the fall and therefore make bats more susceptible to turbine collisions whether they are 
migrating or not (Cryan and Barclay 2009). 
 
It seems unlikely that the FRWEF-I is located along a concentrated tree bat migration route, as 
there are no topographical features or large expanses of forested areas that would tend to 
concentrate migrating bats. However, for hibernating bats, such as Myotis spp., migration routes 
between summer areas and hibernacula may be present regardless of the habitat and topography. 
This study was not designed to address that question, and obtaining information on migratory 
routes by bats (assuming they exist) has proven to be very difficult to date (Arnett et al. 2008). 
However, Baerwald and Barclay (2009) monitored bat activity in the fall at seven proposed or 
existing wind-energy facilities across southern Alberta and found that activity of migratory bats 
varied among the sites, suggesting that migrating bats may concentrate along certain routes 
rather than migrate in a dispersed fashion across a broad area.  
 
Because migratory tree bats are primarily solitary tree dwellers that do not hibernate, it has not 
been possible to develop any suitable field methods to estimate their population sizes. As a 
result, impacts on these bat species caused by wind energy development cannot be put into 
perspective from a population impact standpoint. To help solve this problem, population genetic 
analyses of DNA sequence and microsatellite data are being conducted to provide effective 
population size estimates, to determine if populations are growing or declining, and to see if 
these populations are comprised of one large population or several discrete subpopulations that 
use spatially segregated migration routes (Dr. Amy L. Russell, Assistant Professor, Grand Valley 
State University, Allendale, Michigan, pers. comm.). To date, initial analyses have been 
conducted only for eastern red bat using mitochondrial DNA. Based on these analyses, it appears 
that this species fits a model of a single, very large population with a history of strong population 
growth (Vonhof and Russell in prep). The data do not suggest there are multiple populations 
separated by distinct migratory corridors. Although the point estimate for the eastern red bat 
population size in North America is 3.3 million, according to Dr. Russell (pers. comm.), the true 
population size is likely “millions to tens of millions” in size.  
 
Additional research will be required to determine what impact wind-energy facilities have on 
migratory tree bat populations. Specifically, population size estimates similar to those available 
for eastern red bat need to be determined for hoary bat and silver-haired bat.  
 
The discovery of an Indiana bat turbine casualty at a wind-energy facility located in a corn and 
soybean agroecosystem was unexpected. To our knowledge, this is the first Indiana bat turbine 
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collision related casualty documented in North America, as well as the first documented casualty 
of a federally-listed bat species. As recommended by the USFWS draft interim guidelines for 
wind-energy development (USFWS 2003), the FRWEF-I was sited in a highly altered landscape, 
as tilled agriculture composes 93% of the study area. BPWENA commissioned a Site 
Characterization Study (SCS) to characterize environmental issues associated with construction 
of a wind-energy facility within the Fowler Ridge Wind Resource Area (FRWRA; Johnson and 
Poulton 2007). The SCS addressed the potential for impacts to Indiana bat based on literature 
and database searches, contacts with the Indiana Department of Natural Resources (IDNR) and 
the USFWS, habitat mapping, and a site visit. At the time the SCS was prepared in 2007, there 
were no records of Indiana bat in Benton County. Therefore, the casualty found during this study 
is likely the first documented occurrence of Indiana bat in Benton County. Based on the lack of 
forest cover in and surrounding the project area (<1%), and evidence that Indiana bat breeding 
records in Indiana occur primarily in the southern half of the state (Mumford and Whitaker 
1982), the SCS concluded that the Indiana bat is not likely to occur within the FRWRA during 
the summer. In addition, there are no known Indiana bat hibernacula near the project area; the 
closest is in Greene County, Indiana, approximately 100 miles (161 km) south of the FRWEF-I. 
The SCS also concluded that even if resident Indiana bats were to occur in the region, the risk of 
turbine collisions was considered low because: 1) foraging Indiana bats select for forested 
habitats and riparian areas and against agricultural and grassland habitats in relation to habitat 
availability (Menzel et al. 2005); 2) in Indiana, Indiana bats forage primarily along wooded 
riparian areas and forest edges, with no foraging being documented in open pastures, cornfields, 
upland hedgerows, or along creeks where trees had been removed (Humphrey et al. 1977); and 
3) foraging by Indiana bats was confined to air space from 2 to 30 m (6 to 98 ft) high (Humphrey 
et al. 1977), which is below the rotor-swept area of modern wind turbines proposed for the 
project. The USFWS conducted a desktop review of aerial photographs, topographic maps, and 
other information, and also concluded that there does not appear to be much suitable summer bat 
habitat within the project area (letter dated October 13, 2006 to Ms. Victoria Poulton, WEST, 
Inc., from Michael Litwin, USFWS).  
  
Although the SCS concluded that impacts to summer populations of Indiana bats were not likely, 
the SCS did state that because the FRWRA is within the range of Indiana bat, some potential 
existed for Indiana bats to migrate through the proposed wind resource area between summer 
ranges and winter hibernacula. The SCS further stated that any wind-energy facility located in 
the 25 US states within the potential range of the Indiana bat had some potential for collisions of 
migrating Indiana bats. Based on the lack of summer habitat at or near the FRWEF-I, and the 
time frame that the Indiana bat casualty occurred (September 09, 2009), this individual was 
likely a migrant through the area.  
 
To date there have been fewer than 10 studies conducted to estimate bird and bat fatalities from 
wind turbine operations in the Midwest, and studies at the Fowler Ridge Wind Energy Facility 
represent the first such studies in Indiana.   Results of this study further contribute to our 
understanding of wind-energy impacts to birds and bats. As more wind-energy facilities are built 
in the region, and additional studies become available, a clearer picture of the impacts to birds 
and bats will emerge. 
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Table 1. Landcover classification at the Fowler Ridge I Wind-
Energy Facility in Benton County, Indiana (from 
Homer et al. 2004). 

Land Cover Acres % Composition 
Open Water 15.77 0.1 
Developed, Open Space 648.33 2.2 
Developed, Low Intensity 967.62 3.3 
Developed, Medium Intensity 36.68 0.1 
Developed, High Intensity 14.81 0.1 
Barren 10.02 <0.1 
Deciduous Forest 118.09 0.4 
Grassland 14.79 0.1 
Pasture/Hay 494.40 1.7 
Crops 26,692.40 92.90 
Woody Wetlands 1.23 <0.1 
Total 29,014.15 100 
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Table 2. Total number of bird and bat casualties and the composition of 
casualties discovered at the Fowler Ridge I Wind-Energy Facility 
from April 6 – October 30, 2009. 

Species 
Scheduled Searches Total 

Total % Composition Total % Composition
Birds     
killdeer 4 16.7 4 14.3 
tree swallow 3 12.5 3 10.7 
unidentified large bird 3 12.5 3 10.7 
red-tailed hawk 0 0.0 3 10.7 
Tennessee warbler 2 8.3 2 7.1 
unidentified duck 2 8.3 2 7.1 
blue-winged teal 1 4.2 1 3.6 
brown-headed cowbird 1 4.2 1 3.6 
green-winged teal 1 4.2 1 3.6 
horned lark 1 4.2 1 3.6 
house wren 1 4.2 1 3.6 
mourning dove 1 4.2 1 3.6 
red-eyed vireo 1 4.2 1 3.6 
unidentified bird 1 4.2 1 3.6 
unidentified passerine 1 4.2 1 3.6 
yellow-rumped warbler 1 4.2 1 3.6 
American robin 0 0.0 1 3.6 
Overall  24 100 28 100 
Bats     
eastern red bat 43 40.2 56 35.9 
silver-haired bat 30 28.0 42 26.9 
hoary bat 29 27.1 48 30.8 
big brown bat 2 1.9 4 2.6 
little brown bat 2 1.9 3 1.9 
northern long-eared bat 1 0.9 1 0.6 
Indiana bat 0 0.0 1 0.6 
unid. Lasiurus bat 0 0.0 1 0.6 
Overall  107 100 156 100 
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Table 3. Distribution of distances of bird 

and bat casualties from turbines at 
the Fowler Ridge I Wind-Energy 
Facility.  

Distance to 
Turbine (m)

% Bird 
Casualties 

% Bat 
Casualties 

0 – 10 7.1 29.4 
11 – 20 7.1 24.2 
21 – 30 21.4 19.6 
31 – 40 7.1 15.0 
41 – 50 10.7 3.9 
51 – 60 10.7 3.9 

>60 35.7 3.9 
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Table 4. Searcher efficiency results at the Fowler Ridge I Wind-

Energy Facility as a function of season and carcass size. 
Size Date # Placed # Available # Found % Found 

Large 
Birds 

4/30/2009 4 2 1 50.0 
5/27/2009 4 4 4 100.0 
6/26/2009 4 4 3 75.0 
7/21/2009 4 4 1 25.0 
8/4/2009 1 0 0 0 
Overall 17 14 9 64.3 

Small 
Birds 

4/30/2009 4 2 2 100.0 
5/27/2009 4 4 1 25.0 
7/21/2009 4 2 0 0 
Overall 12 8 3 37.5 

Bats 

6/26/2009 4 2 1 50.0 
8/4/2009 7 4 3 75.0 
8/25/2009 7 5 1 20.0 
9/8/2009 8 7 3 42.9 
9/14/2009 8 7 2 28.6 
9/28/2009 10 10 8 80.0 
10/6/2009 8 7 5 71.4 
10/19/2009 8 8 5 62.5 

Overall 60 50 28 56.0 
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Table 5. Estimated time since death of bird and bat carcasses 

for weekly and bi-weekly search schedules. 

Species 
Estimated 

Time 
% Found During 

Bi-Weekly Searches
% Found During 
Weekly Searches 

Birds 

last night 0 5.9 
2-3 days 12.5 35.3 
4-7 days 50.0 17.6 
7-14 days 0 5.9 
>2 weeks 0 0 
> month 0 29.4 
unknown 37.5 5.9 

Bats 

last night 35.7 37.0 
2-3 days 41.1 29.6 
4-7 days 19.6 25.9 
7-14 days 1.8 1.9 
>2 weeks 0 1.85 
> month 0 0 
unknown 1.8 3.7 

 



Fatality Monitoring at the Fowler Ridge I Wind-Energy Facility, Indiana 

 
Western EcoSystems Technology, Inc. 27 April 12, 2010 

 
Table 6. Bird and bat average probability of carcass availability 

and detection and overall bird and bat mortality 
estimates for the Fowler Ridge I Wind-Energy Facility. 

Size 
Avg. Probability of Carcass Availability and 

Detection with 90% Confidence Interval 
Small Birds 0.51 (0.21 – 0.71) 
Large Birds 0.62 (0.42 – 0.79) 
Bats 0.56 (0.45 – 0.66) 
Species Fatalities/turbines/study period 
All Birds 5.26 (3.52 – 10.25) 
Bats 15.03 (10.89 – 20.52) 
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Table 7. Average number of bird and bat carcasses found at 

turbines lit with FAA aviation strobe lights compared to 
those at unlit turbines at the Fowler Ridge I Wind-
Energy Facility. 

Species 
 

Lit 
Turbines

Unlit 
Turbines Overall 

Birds 

# of Turbines 7 18 25 
# of Fatalities 4 21 25 
Mean # of Fatalities 0.57 1.17 n/a 
Difference of Means -0.60 n/a 
Confidence Interval -1.65 – 0.46 n/a 

Bats 

# of Turbines 7 18 25 
# of Fatalities 39 73 112 
Mean # of Fatalities 5.57 4.06 n/a 
Difference of Means 1.52 n/a 
Confidence Interval -1.77 – 4.80 n/a 
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Figure 1. Location of the Fowler Ridge Wind-Energy Facility in Benton County, Indiana.  
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Figure 2. Landcover types at the Fowler Ridge I Wind-Energy Facility. 
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Figure 3. Location of carcass search plots at the Fowler Ridge I Wind-Energy Facility. 
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Figure 4. Example layout of carcass search transects. 
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Figure 5. Illustration of proportion of each plot searched at varying distances from the 
turbine at the Fowler Ridge I Wind-Energy Facility. 
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Figure 6. Location of bird casualties found at the Fowler Ridge I Wind-Energy Facility. 
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Figure 7. Number of bird fatalities by turbine at the Fowler Ridge I Wind-Energy Facility. 
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Figure 8. Distance of bird fatalities from the turbine at the Fowler Ridge I Wind-Energy 
Facility. 



Fatality Monitoring at the Fowler Ridge I Wind-Energy Facility, Indiana 

 
Western EcoSystems Technology, Inc. 37 April 12, 2010 

 

Figure 9. Timing of bird fatalities by turbine at the Fowler Ridge I Wind-Energy 
Facility. 
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Figure 10. Location of bat casualties found at the Fowler Ridge I Wind-Energy Facility. 
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Figure 11. Number of bat fatalities by turbine at the Fowler Ridge I Wind-Energy Facility. 
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Figure 12. Distance of bat fatalities from the turbine at the Fowler Ridge I Wind-Energy 
Facility. 
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Figure 13. Timing of bat fatalities by turbine at the Fowler Ridge I Wind-Energy 
Facility. 
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Figure 14. Carcass removal rates at the Fowler Ridge I Wind-Energy Facility. 
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Figure 15. Bird mortality estimates across North America. The Fowler Ridge I Wind-Energy Facility is highlighted in red. 
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Figure 15 data sources: 
Fowler Ridge I, IN This study     
Buffalo Mountain, TN (00-03) Nicholson et al. 2005 Nine Canyon, WA Erickson et al. 2003 Noble Ellenburg, NY Jain et al. 2009a 
Blue Sky Green Field, WI Gruver et al. 2010 Combine Hills, OR Erickson et al. 2003 Buffalo Gap, TX Tierney 2007 
Buffalo Ridge, MN (Phase III; 99) Johnson et al. 2000 Big Horn, WA Kronner et al. 2008 Hopkins Ridge, WA Young et al. 2007 
Maple Ridge, NY (2006) Jain et al. 2007 Buffalo Ridge, MN (Phase I; 97) Johnson et al. 2000 High Winds, CA (05) Kerlinger et al. 2006 
Diablo Winds, CA WEST 2008 Buffalo Ridge, MN (Phase II; 98) Johnson et al. 2000 Buffalo Mountain, TN (06) Fiedler et al. 2007 
Buffalo Ridge, MN (Phase I; 96) Johnson et al. 2000 Foote Creek Rim, WY (Phase I; 00) Young et al. 2003a Summerview, Ont. (05/06) Brown and Hamilton 2006 
Buffalo Ridge, MN (Phase II; 99) Johnson et al. 2000 Noble Clinton, NY Jain et al. 2009b SMUD, CA URS et al. 2005 
Stateline, OR/WA (02) Erickson et al. 2004 Kewaunee County, WI Howe et al. 2002 Vansycle, OR Erickson et al. 2000 
Maple Ridge, NY (07) Jain et al. 2008 Foote Creek Rim, WY (Phase I; 01/02) Young et al. 2003a Klondike, OR Johnson et al. 2003b 
Foote Creek Rim, WY (Phase I; 99) Young et al. 2003a Mount Storm, WV (08) Young et al. 2009 Crescent Ridge, IL Kerlinger et al. 2007 
Klondike II, OR NWC and WEST 2007 Mars Hill, ME (08) Stantec 2009 Top of Iowa, IA (04) Jain 2005 
Buffalo Ridge, MN (Phase I; 98) Johnson et al. 2000 Mars Hill, ME (07) Stantec 2008 Erie Shores, Ont. James 2008 
Judith Gap, MT TRC 2008 NPPD Ainsworth, NE Derby et al. 2007 Top of Iowa, IA (03) Jain 2005 
Mountaineer, WV Kerns and Kerlinger 2004 High Winds, CA (04) Kerlinger et al. 2006 Oklahoma Wind Energy Center, OK Piorkowski 2006 
Stateline, OR/WA (03) Erickson et al. 2004 Wildhorse, WA Erickson et al. 2008 Searsburg, VT Kerlinger 2002 
Noble Bliss, NY Jain et al. 2009c Buffalo Ridge, MN (Phase I; 99) Johnson et al. 2000   
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Figure 16. Bat mortality estimates across North America. The Fowler Ridge I Wind-Energy Facility is highlighted in red. 
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Figure 16 data sources: 
Fowler Ridge I, IN This study     
Buffalo Mountain, TN (06) Fiedler et al. 2007 Kewaunee County, WI Howe et al. 2002 Erie Shores, Ont. James 2008 
Mountaineer, WV Kerns and Kerlinger 2004 Noble Ellenburg, NY Jain et al. 2009a Stateline, OR/WA (02) Erickson et al. 2004 
Buffalo Mountain, TN (00-03) Nicholson et al. 2005 Foote Creek Rim, WY (Phase I; 99) Young et al. 2003a NPPD Ainsworth, NE Derby et al. 2007 
Blue Sky Green Field, WI Gruver et al. 2010 Noble Clinton, NY Jain et al. 2009b Vansycle, OR Erickson et al. 2000 
Meyersdale, PA Arnett et al. 2005 Crescent Ridge, IL Kerlinger et al. 2007 Foote Creek Rim, WY (Phase I; 00) Young et al. 2003a 
Casselman, PA Arnett et al. 2009 High Winds, CA (04) Kerlinger et al. 2006 Klondike, OR Johnson et al. 2003b 
Maple Ridge, NY (06) Jain et al. 2007 Mars Hill, ME (07) Stantec 2008 Buffalo Ridge, MN (Phase I) Johnson et al. 2000 
Noble Bliss, NY Jain et al. 2009c Buffalo Ridge, MN (Phase III) Johnson et al. 2000 Hopkins Ridge, WA Young et al. 2007 
Summerview, Alb. (06) Baerwald 2008 Buffalo Ridge, MN (Phase II; 99) Johnson et al. 2000 Oklahoma Wind Energy Center, OK Piorkowski 2006 
Mount Storm, WV (08) Young et al. 2009 Stateline, OR/WA (03) Erickson et al. 2004 Mars Hill, ME (08) Stantec 2009 
Top of Iowa, IA (04) Jain 2005 Nine Canyon, WA Erickson et al. 2003 Klondike II, OR NWC and WEST 2007 
Summerview, Alb. (05/06) Brown and Hamilton 2006 Buffalo Ridge, MN (Phase II; 98) Johnson et al. 2000 Wild Horse, WA Erickson et al. 2008 
Maple Ridge, NY (07) Jain et al. 2008 Big Horn, WA Kronner et al. 2008 Buffalo Gap, TX Tierney 2007 
Judith Gap, MT TRC 2008 Combine Hills, OR Young et al. 2006 SMUD, CA URS et al. 2005 
Summerview, Alb. (07) Baerwald 2008 High Winds, CA (05) Kerlinger et al. 2006 Searsburg, VT Kerlinger 2002 
Top of Iowa, IA (03) Jain 2005 Foote Creek Rim, WY (Phase I; 01/02) Young et al. 2003a   
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Appendix A. Bird and Bat Casualties Found at the Fowler Ridge I Wind Energy 
Facility, Benton County, Indiana, April 6 – October 30, 2009. 

Date Species Turbine
Distance to 

Turbine 
 Carcass 

Condition 
Scheduled/ 
Incidental 

Birds 
4/6/2009 unidentified large bird 356 25 scavenged carcass search 

4/10/2009 unidentified large bird 629 60 scavenged carcass search 
4/15/2009 unidentified duck 629 35 scavenged carcass search 
4/23/2009 unidentified duck 629 85 scavenged carcass search 
4/29/2009 unidentified large bird 356 94 scavenged carcass search 
5/6/2009 blue-winged teal 629 43 scavenged carcass search 

5/25/2009 red-eyed vireo 197 59 intact carcass search 
6/10/2009 American robin 638 185 scavenged incidental find 
6/10/2009 unidentified bird 634 91 feather spot carcass search 
6/26/2009 brown-headed cowbird 197 21 intact carcass search 
8/3/2009 killdeer 253 49 scavenged carcass search 
8/14/2009 unidentified passerine 266 80 feather spot carcass search 
9/3/2009 killdeer 266 93 feather spot carcass search 
9/7/2009 mourning dove 629 97 feather spot carcass search 
9/8/2009 killdeer 606 68 feather spot carcass search 
9/8/2009 red-tailed hawk 286 36 intact incidental find 
9/11/2009 killdeer 265 16 intact carcass search 
9/14/2009 tree swallow 285 44 intact carcass search 
9/17/2009 tree swallow 253 24 intact carcass search 
9/17/2009 horned lark 624 14 intact carcass search 
9/18/2009 tree swallow 152 28 intact carcass search 
9/18/2009 Tennessee warbler 438 64 intact carcass search 
9/21/2009 Tennessee warbler 629 52 intact carcass search 
10/12/2009 green-winged teal 152 73 feather spot carcass search 
10/16/2009 house wren 152 30 scavenged carcass search 
10/20/2009 red-tailed hawk 354 8 scavenged incidental find 
10/26/2009 red-tailed hawk 470 8 scavenged incidental find 
10/29/2009 yellow-rumped warbler 265 30 intact carcass search 
Bats 
4/27/2009 silver-haired bat 266 74 scavenged carcass search 
4/28/2009 silver-haired bat 622 48 intact carcass search 
5/1/2009 silver-haired bat 632 12 intact incidental find 
5/4/2009 silver-haired bat 420 34 intact carcass search 
5/5/2009 little brown bat 265 32 intact carcass search 
5/5/2009 silver-haired bat 249 39 intact carcass search 
5/5/2009 silver-haired bat 265 29 intact carcass search 
5/6/2009 silver-haired bat 629 59 intact carcass search 
5/9/2009 silver-haired bat 633 56 scavenged incidental find 
5/21/2009 eastern red bat 629 60 intact carcass search 
5/25/2009 eastern red bat 187 40 intact carcass search 
5/25/2009 eastern red bat 253 35 intact carcass search 
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Appendix A. Bird and Bat Casualties Found at the Fowler Ridge I Wind Energy 
Facility, Benton County, Indiana, April 6 – October 30, 2009. 

Date Species Turbine
Distance to 

Turbine 
 Carcass 

Condition 
Scheduled/ 
Incidental 

5/25/2009 silver-haired bat 249 31 intact carcass search 
6/8/2009 eastern red bat 420 17 intact carcass search 
6/10/2009 silver-haired bat 638 50 intact carcass search 
6/10/2009 silver-haired bat 624 31 intact carcass search 
6/10/2009 silver-haired bat 622 17 intact carcass search 
6/26/2009 hoary bat 265 12 intact carcass search 
7/23/2009 eastern red bat 187 1 intact carcass search 
7/23/2009 eastern red bat 187 3 intact carcass search 
7/28/2009 eastern red bat 286 2 intact incidental find 
8/3/2009 eastern red bat 265 19 intact carcass search 
8/3/2009 hoary bat 265 18 intact carcass search 
8/3/2009 hoary bat 606 21 intact carcass search 
8/3/2009 hoary bat 152 25 intact carcass search 
8/3/2009 eastern red bat 253 4 scavenged carcass search 
8/4/2009 hoary bat 260 3 intact carcass search 
8/5/2009 eastern red bat 381 11 intact carcass search 
8/5/2009 hoary bat 624 3 intact carcass search 
8/6/2009 hoary bat 482 37 intact incidental find 
8/6/2009 hoary bat 285 21 intact incidental find 
8/6/2009 hoary bat 482 3 intact incidental find 
8/14/2009 eastern red bat 187 8 intact carcass search 
8/14/2009 eastern red bat 249 38 intact carcass search 
8/14/2009 eastern red bat 265 11 intact carcass search 
8/14/2009 hoary bat 265 30 intact carcass search 
8/16/2009 eastern red bat 265 26 intact carcass search 
8/16/2009 eastern red bat 606 16 intact carcass search 
8/16/2009 hoary bat 262 30 intact carcass search 
8/16/2009 hoary bat 606 71 intact carcass search 
8/16/2009 hoary bat 260 15 intact carcass search 
8/17/2009 eastern red bat 356 37 scavenged carcass search 
8/17/2009 hoary bat 420 105 intact carcass search 
8/19/2009 eastern red bat 332 85 intact incidental find 
8/19/2009 eastern red bat 332 25 intact incidental find 
8/21/2009 eastern red bat 249 40 intact carcass search 
8/21/2009 hoary bat 356 10 scavenged carcass search 
8/22/2009 eastern red bat 260 5 intact carcass search 
8/22/2009 little brown bat 253 1 intact carcass search 
8/24/2009 eastern red bat 624 17 intact carcass search 
8/24/2009 eastern red bat 381 32 intact carcass search 
8/24/2009 silver-haired bat 381 1 intact carcass search 
8/25/2009 eastern red bat 265 32 scavenged carcass search 
8/25/2009 eastern red bat 606 19 intact carcass search 
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Appendix A. Bird and Bat Casualties Found at the Fowler Ridge I Wind Energy 
Facility, Benton County, Indiana, April 6 – October 30, 2009. 

Date Species Turbine
Distance to 

Turbine 
 Carcass 

Condition 
Scheduled/ 
Incidental 

8/25/2009 hoary bat 265 14 intact carcass search 
8/25/2009 hoary bat 237 12 intact incidental find 
8/25/2009 northern long-eared bat 249 87 intact carcass search 
8/27/2009 eastern red bat 606 23 intact carcass search 
8/27/2009 eastern red bat 285 23 intact carcass search 
8/27/2009 hoary bat 249 53 scavenged carcass search 
8/27/2009 little brown bat 193 18 intact incidental find 
8/28/2009 big brown bat 193 4 intact incidental find 
8/28/2009 eastern red bat 266 21 intact carcass search 
8/28/2009 hoary bat 260 20 intact carcass search 
8/28/2009 silver-haired bat 348 13 intact incidental find 
8/29/2009 big brown bat 147 15 intact incidental find 
8/29/2009 silver-haired bat 381 27 intact carcass search 
8/30/2009 eastern red bat 417 2 intact incidental find 
8/30/2009 silver-haired bat 420 17 intact carcass search 
8/31/2009 eastern red bat 260 18 intact carcass search 
8/31/2009 eastern red bat 606 24 intact carcass search 
8/31/2009 eastern red bat 606 2 intact carcass search 
8/31/2009 hoary bat 260 26 intact carcass search 
8/31/2009 hoary bat 611 35 intact incidental find 
8/31/2009 hoary bat 611 0 intact incidental find 
8/31/2009 hoary bat 607 1 intact incidental find 
8/31/2009 hoary bat 607 35 intact incidental find 
8/31/2009 silver-haired bat 235 51 intact carcass search 
8/31/2009 silver-haired bat 606 13 intact carcass search 
8/31/2009 silver-haired bat 624 13 intact carcass search 
9/1/2009 hoary bat 152 26 scavenged carcass search 
9/7/2009 big brown bat 356 6 scavenged carcass search 
9/8/2009 eastern red bat 286 35 intact incidental find 
9/8/2009 eastern red bat 266 12 intact carcass search 
9/8/2009 eastern red bat 266 12 intact carcass search 
9/8/2009 eastern red bat 266 27 scavenged carcass search 
9/8/2009 eastern red bat 285 16 scavenged carcass search 
9/8/2009 hoary bat 230 48 intact incidental find 
9/8/2009 hoary bat 230 44 intact incidental find 
9/8/2009 hoary bat 606 8 intact carcass search 
9/8/2009 silver-haired bat 286 2 intact incidental find 
9/8/2009 silver-haired bat 286 33 intact incidental find 
9/8/2009 silver-haired bat 606 2 intact carcass search 
9/9/2009 eastern red bat 187 3 intact carcass search 
9/9/2009 hoary bat 230 30 intact carcass search 
9/9/2009 hoary bat 230 26 scavenged carcass search 
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Appendix A. Bird and Bat Casualties Found at the Fowler Ridge I Wind Energy 
Facility, Benton County, Indiana, April 6 – October 30, 2009. 

Date Species Turbine
Distance to 

Turbine 
 Carcass 

Condition 
Scheduled/ 
Incidental 

9/9/2009 hoary bat 193 30 intact incidental find 
9/9/2009 hoary bat 187 23 scavenged carcass search 
9/9/2009 hoary bat 347 4 intact incidental find 
9/9/2009 silver-haired bat 438 2 intact carcass search 
9/9/2009 silver-haired bat 389 6 intact carcass search 
9/9/2009 silver-haired bat 347 16 scavenged incidental find 
9/10/2009 eastern red bat 372 24 intact incidental find 
9/10/2009 eastern red bat 372 21 intact incidental find 
9/10/2009 eastern red bat 470 12 intact incidental find 
9/10/2009 hoary bat 372 11 intact incidental find 
9/10/2009 hoary bat 372 17 intact incidental find 
9/11/2009 eastern red bat 243 3 intact incidental find 
9/11/2009 eastern red bat 606 4 intact carcass search 
9/11/2009 eastern red bat 291 1 intact incidental find 
9/11/2009 eastern red bat 291 9 nra incidental find 
9/11/2009 hoary bat 230 25 intact incidental find 
9/11/2009 hoary bat 214 3 intact incidental find 
9/11/2009 hoary bat 211 17 intact incidental find 
9/11/2009 hoary bat 211 7 intact incidental find 
9/11/2009 hoary bat 262 1 intact carcass search 
9/11/2009 Indiana bat 230 16 intact incidental find 
9/11/2009 silver-haired bat 187 3 intact carcass search 
9/11/2009 silver-haired bat 214 3 intact incidental find 
9/11/2009 silver-haired bat 606 10 scavenged carcass search 
9/11/2009 silver-haired bat 195 47 intact incidental find 
9/13/2009 eastern red bat 601 8 intact incidental find 
9/13/2009 hoary bat 152 37 intact carcass search 
9/13/2009 hoary bat 152 43 intact carcass search 
9/13/2009 silver-haired bat 601 1 intact incidental find 
9/14/2009 eastern red bat 230 4 intact carcass search 
9/14/2009 eastern red bat 606 40 intact carcass search 
9/14/2009 eastern red bat 606 nr intact carcass search 
9/14/2009 eastern red bat 285 22 intact carcass search 
9/14/2009 eastern red bat 152 33 intact carcass search 
9/14/2009 hoary bat 265 25 intact carcass search 
9/14/2009 hoary bat 253 19 intact carcass search 
9/14/2009 silver-haired bat 265 14 scavenged carcass search 
9/15/2009 hoary bat 417 3 scavenged incidental find 
9/15/2009 silver-haired bat 624 23 intact carcass search 
9/15/2009 silver-haired bat 417 6 scavenged incidental find 
9/17/2009 eastern red bat 606 33 intact carcass search 
9/17/2009 eastern red bat 253 34 intact carcass search 
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Appendix A. Bird and Bat Casualties Found at the Fowler Ridge I Wind Energy 
Facility, Benton County, Indiana, April 6 – October 30, 2009. 

Date Species Turbine
Distance to 

Turbine 
 Carcass 

Condition 
Scheduled/ 
Incidental 

9/18/2009 hoary bat 187 15 intact carcass search 
9/18/2009 hoary bat 381 59 intact carcass search 
9/21/2009 hoary bat 359 27 intact carcass search 
9/25/2009 eastern red bat 253 16 intact carcass search 
9/25/2009 unident. Lasiurus bat 355 1 scavenged incidental find 
9/25/2009 eastern red bat 371 5 scavenged incidental find 
9/29/2009 silver-haired bat 624 74 intact carcass search 
9/29/2009 silver-haired bat 381 40 intact carcass search 
9/29/2009 silver-haired bat 425 nr scavenged incidental find 
10/2/2009 eastern red bat 230 3 intact carcass search 
10/5/2009 silver-haired bat 359 18 intact carcass search 
10/6/2009 eastern red bat 152 30 intact carcass search 
10/6/2009 silver-haired bat 606 7 scavenged carcass search 
10/6/2009 silver-haired bat 230 27 intact carcass search 
10/12/2009 silver-haired bat 428 2 intact incidental find 
10/16/2009 silver-haired bat 265 24 intact carcass search 
10/26/2009 big brown bat 606 30 intact carcass search 
10/29/2009 silver-haired bat 606 14 intact carcass search 
a Found by turbine maintenance worker; not recorded.
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Appendix B. Fatality estimates and components for birds at the Fowler Ridge I Wind-Energy Facility. 
   90% C.I.   90% C.I.   90% C.I. 
Parameter mean se ll ul mean se ll ul mean se ll ul 
 Spring Summer Fall 
Search Area Adjustment 
A (small) 1.00 1.00 3.67 
A (large) 1.00 1.00 9.63 
Observer Detection 
p (small) 0.38 0.14 0.17 0.58 0.38 0.14 0.17 0.58 0.38 0.14 0.17 0.58 
p (large) 0.64 0.12 0.44 0.81 0.64 0.12 0.44 0.81 0.64 0.12 0.44 0.81 
Observed Fatality Rates (Fatalities/turbine) 
Small birds 

 (Set 1a) 0 0 0 0 0.33 0.19 0.08 0.69 0.25 0.13 0.07 0.46 

 (Set 2b) 0 0 0 0 0.08 0.08 0 0.21 0.38 0.18 0.11 0.69 
Large birds 

 (Set 1) 0.08 0.08 0 0.21 0.08 0.08 0 0.22 0.25 0.12 0.08 0.47 
 (Set 2) 0 0 0 0 0 0 0 0 0.15 0.13 0 0.43 

All Birds  
 (Set 1) 0.08 0.08 0 0.21 0.42 0.20 0.12 0.82 0.5 0.17 0.25 0.81 

 (Set 2) 0 0 0 0 0.08 0.08 0 0.21 0.54 0.22 0.25 0.97 
Average Probability of Carcass Availability and Detection 
Small birds 

 (Set 1) 0.46 0.16 0.18 0.71 0.32 0.14 0.11 0.55 0.64 0.16 0.32 0.83 
 (Set 2) 0.31 0.14 0.1 0.56 0.31 0.14 0.2 0.55 0.64 0.16 0.32 0.83 

Large birds 
 (Set 1) 0.58 0.13 0.33 0.76 0.41 0.12 0.21 0.61 0.74 0.1 0.53 0.85 

 (Set 2) 0.41 0.12 0.2 0.61 0.41 0.12 0.21 0.6 0.74 0.1 0.53 0.85 
Adjusted Fatality Estimates (Fatalities/turbine)
Small birds 
mi (Set 1) 0 0 0 0 1.06 1.88 0.19 3.78 1.44 1.15 0.33 3.60 



Fatality Monitoring at the Fowler Ridge I Wind-Energy Facility, Indiana 

 
Western EcoSystems Technology, Inc. 53 April 12, 2010 

Appendix B. Fatality estimates and components for birds at the Fowler Ridge I Wind-Energy Facility. 
   90% C.I.   90% C.I.   90% C.I. 
Parameter mean se ll ul mean se ll ul mean se ll ul 
 Spring Summer Fall 
mi (Set 2) 0 0 0 0 0.25 0.6 0 1.13 2.22 1.76 0.68 5.64 
Large birds 
mi (Set 1) 0.14 0.17 0 0.45 0.2 0.25 0 0.69 3.26 1.75 1.13 6.78 
mi (Set 2) 0 0 0 0 0 0 0 0 2.01 1.91 0 6.05 
All birds 
mi (Set 1) 0.14 0.17 0 0.45 1.25 1.9 0.33 3.92 4.7 2.09 2.41 9.14 
mi (Set 2) 0 0 0 0 0.25 0.6 0 1.13 4.23 2.61 1.81 9.57 
Daily Fatality Estimates (Fatalities/turbine/day)
Small birds 
mi (Set 1) 0 0 0 0 0.012 0.022 0.002 0.044 0.019 0.015 0.004 0.047 
mi (Set 2) 0 0 0 0 0.003 0.007 0 0.013 0.029 0.023 0.009 0.073 
Large birds 
mi (Set 1) 0.004 0.004 0 0.011 0.002 0.003 0 0.008 0.042 0.023 0.015 0.088 
mi (Set 2) 0 0 0 0 0 0 0 0 0.026 0.022 0 0.07 
All birds 
mi (Set 1) 0.004 0.004 0 0.011 0.015 0.022 0.004 0.046 0.061 0.027 0.031 0.119 
mi (Set 2) 0 0 0 0 0.003 0.007 0 0.013 0.055 0.034 0.024 0.124 
aSet 1 comprises of turbines with weekly, bi-weekly, and twice a week search intervals during spring, summer, and fall, respectively (Turbines 187, 

197, 249, 253, 265, 266, 356, 381, 389, 420, 629, 634).  
bSet 2 comprises of turbines with bi-weekly, bi-weekly, and twice a week search intervals during spring, summer, and fall, respectively (Turbines 

152, 230, 235, 260, 262, 285, 325, 359, 438, 606, 622, 624, 638).
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Appendix C. Fatality estimates and components for bats at the Fowler Ridge I Wind-Energy Facility. 
   90% C.I.   90% C.I.   90% C.I. 
Parameter mean se ll ul mean se ll ul mean se ll ul 

 Spring Summer Fall 

Search Area Adjustment 

A 1.00 1.00 2.45 

Observer Detection 

p 0.56 0.07 0.44 0.69 0.56 0.07 0.44 0.69 0.56 0.07 0.44 0.69 

Observed Fatality Rates (Fatalities/turbine)

 (Set 1a) 0.5 0.18 0.2 0.79 1.33 0.47 0.64 2.18 2.67 0.52 1.87 3.54 

 (Set 2b) 0.08 0.08 0 0.21 0.62 0.16 0.38 0.9 3.77 1.27 1.92 6 
Average Probability of Carcass Availability and Detected 

 (Set 1) 0.51 0.06 0.40 0.61 0.35 0.06 0.25 0.45 0.35 0.06 0.25 0.45 

 (Set 2) 0.34 0.06 0.25 0.44 0.35 0.06 0.25 0.45 0.68 0.06 0.58 0.77 
Adjusted Fatality Estimates (Fatalities/turbine)
mi (Set 1) 0.99 0.38 0.38 1.65 3.81 1.62 1.74 6.86 9.61 2.07 6.46 13.35 
mi (Set 2) 0.22 0.23 0 0.66 1.78 0.59 1.03 2.96 13.60 4.84 6.67 22.51 
Daily Fatality Estimates (Fatalities/turbine/day)

di (Set 1) 0.02 0.01 0.01 0.04 0.04 0.02 0.02 0.08 0.12 0.03 0.08 0.17 

di (Set 2) 0.01 0.01 0 0.02 0.02 0.01 0.01 0.03 0.18 0.06 0.09 0.29 
aSet 1 comprises of turbines with weekly, bi-weekly, and twice a week search intervals during spring, summer, and fall, respectively (Turbines 187, 197, 

249, 253, 265, 266, 356, 381, 389, 420, 629, 634).  
bSet 2 comprises of turbines with bi-weekly, bi-weekly, and twice a week search intervals during spring, summer, and fall, respectively (Turbines 152, 230, 

235, 260, 262, 285, 325, 359, 438, 606, 622, 624, 638).
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EXECUTIVE SUMMARY 

BP Wind Energy North America, Inc. (BPWENA) is developing a wind-energy facility in five 
separate phases for a total build out capacity of 1,000 megawatts (MW) in Benton County, 
Indiana. Currently, the first three phases have a total energy capacity of 750 MW. The third 
phase of the facility, Fowler Ridge III, is owned entirely by BPWENA and is located 
approximately two miles (3.2 km) east of Fowler, Indiana, and consists of 60 Vestas V82 1.65-
MW turbines with a nameplate capacity of 99 MW.  
 
BP Wind Energy North America contracted Western Ecosystems Technology, Inc. (WEST) to 
develop a post-construction fatality monitoring study at the Fowler I and Fowler III facilities to 
assess the level of impacts to birds and bats (i.e., high, moderate, low) relative to other wind-
energy facilities from operation of the Fowler Ridge I and Fowler Ridge III facilities. Monitoring 
at the Fowler Ridge III Wind-Energy Facility occurred during the spring migration and early 
breeding season (April 2 through June 10, 2009), while monitoring of the Fowler I Wind-Energy 
Facility occurred from April 6 to October 30, 2009. This report presents results of monitoring 
conducted only at the Fowler III Wind-Energy Facility.  Summer and fall migration surveys at 
the Fowler III Wind-Energy Facility were not conducted due to project-related budget constraints 
and the expectation that a more robust study would be conducted the second year. 
 
The primary objective of the monitoring study was to determine the level of bird and bat mortality 
(i.e., relatively high, moderate, or low mortality) attributable to collisions with wind turbines 
compared to other regional wind-energy facilities. Because not all turbines were sampled, the study 
was not designed to quantify mortality with a high degree of accuracy for the entire wind energy 
facility, nor was it designed to detect every wind turbine casualty present on the site.  The 
monitoring study consisted of four components: 1) standardized carcass surveys of selected 
turbines; 2) searcher efficiency trials to estimate the percentage of carcasses found by searchers; 3) 
carcass removal trials to estimate the length of time that a carcass remained in the field for possible 
detection; and 4) adjusted fatality estimates for birds and bats, calculated using the results from 
searcher efficiency trials and carcass removal trials, to estimate the approximate level of bird and 
bat mortality within the Fowler Ridge III Wind-Energy Facility.  
 
Twenty percent of the available turbines (12 turbines) were scheduled to be searched either 
weekly or biweekly throughout the monitoring period. Search plots 160 meters (525 feet) on a 
side were established around each turbine to ensure all areas within 80 meters (262 feet) of a 
turbine were searched. Most of the turbines were located in corn and soybean fields; however, 
these crops were either not present or very immature during the time frame of the study (April 2 
– June 10) and therefore no clearing of crops was conducted for this study. Surveyors walked 
parallel transects within the search plots while scanning the ground for fatalities or injured birds 
or bats. 
 
The objective of the standardized carcass surveys was to systematically search selected turbines 
for bird and bat casualties attributable to collision with project facilities. During the study, three 
birds were found. All three of the fatalities were comprised only of a few bones without any 
feathers or fleshy parts remaining. Two of the fatalities were identifiable only as ducks based on 
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skull characteristics, while the remaining casualty was only identifiable as a large bird because 
no skull was present; that casualty was likely also a species of waterfowl. No bird fatalities were 
found incidentally. The FRWEF-III is near an area designated as an Important Bird Area (IBA) 
due to high concentrations of staging American golden plovers during spring migration. 
Although concerns have been raised over the potential for collision mortality, no American 
golden plover fatalities were found during this study. 
 
Two of the bird fatalities (the unidentified large bird and one unidentified duck) were found at 
Turbine 432 and the remaining unidentified duck casualty was found at Turbine 435. All bird 
fatalities were found greater than 60 meters (197 feet) from the turbines.  
 
Five bat fatalities comprised of four species were found, including two hoary bats and one each 
of the following species: eastern red bat, silver-haired bat, and big brown bat. No bat casualties 
were found incidentally. Bat fatalities were all found at Turbines 387, 432, 435, 444, and 464. 
Two of the bat fatalities were found between 10 and 20 meters (33-66 feet) from the turbines, 
two were found between 40 and 50 meters (131-164 feet) from the turbines, and one was found 
more than 60 meters (197 feet) from the turbine. Bat fatalities were evenly distributed throughout 
the duration of the study season. Three bat fatalities were intact, one was scavenged, and one was 
found alive and was subsequently released. 
 
Pre-construction ground-based bat acoustical surveys were conducted at the Fowler Ridge Wind 
Resource Area from August 15 – October 19, 2007 and from July 17 – October 15, 2008, time 
periods that cover the time frame during which most bat mortality at wind energy facilities 
occurs throughout North America.  Overall bat detections were low to moderate for sites in the 
Midwest, ranging from 4.7 bat calls/detector-night in 2007 to 6.45 bat calls/detector-night in 
2008.  Although none of the bat casualties found at the FRWEF-III in 2009 were high-frequency 
species (e.g., Myotis spp.), high-frequency bats comprised 49.0% of bat calls in 2007 and 34.2% 
of bat calls recorded in 2008, suggesting that high frequency species such as Myotis bats may be 
much less susceptible to turbine collisions. 
 
Searcher efficiency data from the adjacent Fowler Ridge Phase I Wind-Energy Facility were 
combined with data from this study to increase sample sizes, whereas all carcass removal data 
for the Fowler Ridge Phase I Wind-Energy Facility were used for this study. For searcher 
efficiency trials, 16 carcasses (eight large birds and eight small birds) were placed in the field 
during searcher efficiency trials conducted on two separate dates. Observer detection rates were 
83.3% for large birds and 50.0% for small birds.  
 
For carcass removal trials, 16 carcasses were placed in the Fowler Ridge Phase I Wind-Energy 
Facility, including eight large bird and eight small birds. By day ten, approximately 25% of the 
large birds remained, while approximately 35% of the small birds remained. 
 
Because all three birds found during the study were estimated to have died well before the study 
was initiated, no estimates of avian mortality could be made. The estimated number of bat 
fatalities and associated 90% confidence limits for the study period from April 2 – June 10 was 
3.03 bat fatalities/turbine (90% confidence interval of 0.71 to 6.58 bat fatalities/turbine). Based 
on the 1.65-megawatt capacity of turbines at the Fowler Ridge Phase III Wind-Energy Facility, 
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the estimated number of bat fatalities was 1.84 bat fatalities per megawatt during the April 2 to 
June 10 study time period, or a total of 182 estimated bat fatalities for the entire 99-MW facility. 
 
To date there have been fewer than 10 studies conducted to estimate bird and bat fatalities from 
wind turbine operations in the Midwest, and studies at the Fowler Ridge Wind Energy Facility 
represent the first such studies in Indiana.   Results of this study further contribute to our 
understanding of wind-energy impacts to birds and bats. As more wind-energy facilities are built 
in the region, and additional studies become available, a clearer picture of the impacts to birds 
and bats will emerge. 
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INTRODUCTION 

BP Wind Energy North America, Inc. (BPWENA) is developing a wind-energy facility in five 
separate phases for a total build out capacity of 1,000 megawatts (MW) in Benton County, 
Indiana. Currently, the first three phases have a total energy capacity of 750 MW. The third 
phase of the facility, Fowler Ridge III, is owned entirely by BPWENA and is located 
approximately two miles (3.2 km) east of Fowler, Indiana, and consists of 60 Vestas V82 1.65-
MW turbines with a nameplate capacity of 99 MW. The first and second phases of the wind-
energy facility, Fowler I and Fowler II, are located directly west of the Fowler Ridge III Wind-
Energy Facility (FRWEF-III). Fatality monitoring of the Fowler I Wind-Energy Facility 
(FRWEF-I) occurred from April 6 to October 30, 2009.  
 
BPWENA contracted Western Ecosystems Technology, Inc. (WEST) to conduct a post-
construction fatality monitoring study at the FRWEF-III to estimate the level of bird and bat 
mortality (i.e., relatively high, moderate, low mortality compared to other wind-energy facilities) 
during spring migration and the early summer breeding season. Fatality monitoring was 
conducted at the FRWEF-III from April 2 through June 10, 2009, during the spring migration 
and early summer breeding season.   Summer and fall migration surveys at the Fowler III Wind-
Energy Facility were not conducted due to project-related budget constraints and the expectation 
that a more robust study would be conducted the second year. 
 
The monitoring study for the FRWEF-III consisted of the following components: 
 

1) Standardized carcass surveys of selected turbines within a square plot centered on the 
turbine; 
 

2) Searcher efficiency trials to estimate the percentage of carcasses found by searchers; 
 

3) Carcass removal trials to estimate the length of time that a carcass remained in the field for 
possible detection; and 
 

4) Adjusted fatality estimates based on the results of searcher efficiency trials and carcass 
removal trials. 

STUDY AREA 

The Fowler Ridge Wind Resource Area (FRWRA) is located in western Indiana in Benton 
County (Figure 1), and lies within the Tipton Tall Plain physiographic region that includes much 
of central Indiana. This region was once heavily forested, but has lost almost all of its woodlands 
over the last 100 years (Mumford and Whitaker 1982). The topography of the FRWRA is mostly 
flat to slightly rolling and there are no hills, ridges, or other areas of starkly elevated topography. 
Elevations in the FRWRA range from approximately 700-800 ft (213-244 m). The area averages 
40 inches (102 centimeters [cm]) of precipitation per year and temperatures range from 19 – 45 
0F (-7.2-7.3 °C) in January to 65 – 86 0F (18-30 °C) in July. Soils in the area are various 
combinations of silt loam, clay loam, loam, silty clay loam, sandy loams, and sandy clays 
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(USDA-NRCS 2006). Much of the area is classified as prime farmland based on soil type. The 
FRWRA is dominated by tilled agriculture, with corn (Zea mays) and soybeans (Glycine max) 
being the dominant crops. Of the roughly 80,400 acres (126.63 square miles [mi2]) within the 
FRWRA, row crops compose about 90% of the area (Figure 2). After tilled agriculture, the next 
most common land use within the FRWRA area is pastures/hayfields, which compose 7.0%. 
There are 247 acres (0.39 mi2) of grasslands, composing only 0.2% of the FRWRA. Grasslands 
in the project area are limited primarily to strips along drainages, railroad rights-of-way (ROW), 
and ROW along county and state roads. There are also a few grass-lined waterways within 
cultivated fields in the area. Trees in the FRWRA occur at homesteads, along some of the 
drainages and fencerows, and in some pastures. Several tree rows planted as wind breaks also 
occur in the area. Forested areas are rare within the FRWRA, and based on 1992 data, the 596 
acres of forest present compose 0.7%.  

METHODS 

The primary objective of the monitoring study was to estimate the level (relatively high, 
moderate, or low) of bird and bat mortality attributable to collisions with wind turbines for the 
FRWEF–III during the spring migration and early summer breeding season. Because not all 
turbines were sampled, the study was not designed to quantify mortality with a high degree of 
accuracy for the entire wind energy facility, nor was it designed to detect every wind turbine 
casualty present on the site.  The monitoring study began after the wind-energy facility became 
fully operational and monitoring began on April 2 and continued through June 10, 2009. The 
methods for the fatality study are broken into four primary components: 1) standardized carcass 
surveys of selected turbines; 2) searcher efficiency trials to estimate the percentage of carcasses 
found by searchers; 3) carcass removal trials to estimate the length of time that a carcass remains 
in the field for possible detection; and 4) adjusted fatality estimates for bird and bat species 
calculated using the results from searcher efficiency trials and carcass removal trials to estimate 
the total number of bird and bat fatalities within the FRWEF-III.  
 
There were three scenarios under which casualties were found in the FRWEF-III: 1) during the 
standardized surveys for the study; 2) while observers were at the FRWEF-III, but not conducting a 
standardized search (i.e., an incidental find); and 3) by facility personnel or others at the FRWEF-III 
for other purposes, such as turbine maintenance. All casualties found by study personnel, regardless 
of timing (i.e., during a standardized survey or not), were recorded by the methods described below. 
However, only casualties found on established search plots during scheduled searches were used to 
estimate total mortality for the wind-energy facility. 
 
All bird and bat casualties located within the search areas, regardless of species, were recorded and 
a cause of death determined, if possible, based on field inspection of the carcass. The total number 
of bird and bat carcasses was estimated by adjusting for search frequency, removal bias (length of 
stay in the field), and searcher efficiency bias (percent found). For carcasses where the cause of 
death was not apparent, the assumption that the casualty was a wind turbine collision casualty was 
made for the analysis. This approach likely led to an overestimate of the true number of facility-
related avian fatalities, but most wind-energy facilities have used this conservative approach 
because of the relatively high costs associated with obtaining accurate estimates of natural or 
reference mortality (see Johnson et al. 2000).  
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Field Methods 

Square plots were established around 12 turbines (20% of the turbines) at the FRWEF-III and 
systematically searched for carcasses. Search plots at turbines were 160 m (525 ft) on a side to 
ensure all areas within 80 m (262 ft) from the turbine were searched. The entire search plot was 6.3 
acres (0.01 mi2) in size. Studies at other facilities with large turbines, such as the Klondike wind-
energy facility in Oregon (Johnson et al. 2003a), the Combine Hills facility, also in Oregon (Young 
et al. 2005), and the Crescent Ridge facility in Illinois (Kerlinger et al. 2007) indicate most fatalities 
are found within the area that is roughly equivalent to the height of the turbine tower. Most of the 
turbines were located in corn and soybean fields; however, these crops were either not present or 
very immature during the time frame of the study (April 2 – June 10) and therefore no clearing of 
crops was conducted as visibility on the search plots was considered adequate for detecting 
carcasses that may have been present.  
 
During the spring migration period for most birds and bats (April 2 to May 15, 2009) standardized 
carcass surveys were conducted every seven days. The number of turbines searched each week 
during this period ranged from six to 12 turbines. For the last four weeks of surveys, all 12 turbines 
were searched every other week. To the extent possible, turbines were selected for sampling using a 
systematic design with a random start to ensure the search effort was spread throughout the entire 
wind-energy facility (Figure 3). However, some deviations in the turbine sampling design had to be 
made to accommodate landowners who did not wish to participate in the study.  

Standardized Carcass Surveys 

The objective of the standardized carcasses surveys was to systematically search wind turbines for 
bird and bat casualties that were attributable to collision with the turbines. Study personnel were 
trained in proper search techniques prior to conducting the carcass surveys.  
 
The condition of each carcass found was recorded using the following categories: 
 

 Intact - a carcass that is completely intact, is not badly decomposed, and shows no 
sign of being fed upon by a predator or scavenger. 

 
 Scavenged - an entire carcass, which shows signs of being fed upon by a predator or 

scavenger, or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, 
portion of a carcass, etc.), or a carcass that has been heavily infested by insects. 

 
 Feather Spot - ten or more feathers or two or more primaries at one location 

indicating a bird casualty had been there. 
 
All carcasses were labeled with a unique number, bagged and frozen for future reference and 
possible necropsy. A copy of the data sheet for each carcass was maintained with the bagged and 
frozen carcass at all times. For all casualties found, data recorded included species, sex and age 
(when possible), date and time collected, Global Positioning System (GPS) location, condition 
(intact, scavenged, feather spot), and any comments that indicated possible cause of death. All 
casualties were photographed as found.  
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Casualties found outside the formal search area by carcass search technicians were treated following 
the above protocol as closely as possible. Casualties observed in non-search areas (e.g., near a 
turbine not included in the search area), or observed within search areas but outside of the standard 
search period, were coded as incidental discoveries and were documented in a similar fashion as 
those found during standard searches. Casualties found by maintenance personnel and others not 
conducting the formal searches were similarly documented and included in the overall dataset. 

Searcher Efficiency Trials 

The objective of the searcher efficiency trials was to estimate the percentage of casualties found 
by searchers. Searcher efficiency trials were conducted in the same areas as carcass surveys and 
searcher efficiency was estimated by the type of carcass (bird or bat), size of carcass (birds only) 
and season. Estimates of searcher efficiency were used to adjust the total number of carcasses 
found for those missed by searchers, allowing for a correction for detection bias. 
 
Data from searcher efficiency trials conducted for the adjacent FRWEF-I study during the 
overlapping time period (April 2 to June 10) were combined with searcher efficiency data collected 
at the FRWEF-III to increase sample sizes. The same personnel conducted searches at both wind-
energy facilities. Searcher efficiency trials were conducted on April 30 and May 27, 2009. 
Personnel conducting carcass surveys did not know when searcher efficiency trials were being 
conducted or the location of the trial carcasses. A total of 32 carcasses (16 large birds and 16 small 
birds) were placed for the two trials. Carcasses used for searcher efficiency trials were primarily 
non-native/non-protected or commercially available species such as house sparrows (Passer 
domesticus), northern bobwhites (Colinus virginianus), ring-necked pheasants (Phasianus 
colchicus), and mallards (Anas platyrhynchos). Because only four dead bats were found during the 
study, sample sizes were not sufficient to use bats for searcher efficiency trials. Therefore, we used 
searcher efficiency data from small birds to adjust the estimated bat fatality rates.  
 
All searcher efficiency trial carcasses were placed at random locations within the search area prior 
to that day’s scheduled carcass survey. Each trial carcass was discreetly marked (e.g., tape or thread 
around the leg of the carcass) so that it could be identified as a study carcass after it was found. The 
number and location of the searcher efficiency carcasses found during the carcass survey was 
recorded. The number of carcasses available for detection during each trial was determined 
immediately after the trial by the person responsible for distributing the carcasses. 

Carcass Removal Trials 

The objective of carcass removal trails was to estimate the average length of time a carcass 
remained in the study area and was potentially detectable. Carcass removal included removal by 
predation or scavenging, or removal by other means such as being plowed into a field. Estimates 
of carcass removal were used to adjust the total number of carcasses found for those removed 
from the study area, correcting for removal bias.  
 
Data from carcass removal trials conducted for the FRWEF-I study were used for the FRWEF-III 
study. A total of 16 carcasses were placed in the FRWEF-I twice during the monitoring period 
(May 1 and May 28), including eight large birds and eight small birds. Carcass composition was 
similar to that used for searcher efficiency trials. Because only four dead bats were found during this 
study, sample sizes were not sufficient to use bats for scavenger removal trials. We therefore 
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assumed that removal rates for small birds would be similar to bats and used scavenger removal 
data for small birds to adjust the bat fatality estimate. 
 
Removal trial birds were not placed in the standardized search plots in order to minimize the chance 
of confusing a trial bird with a turbine casualty. Turbines not included in the standardized carcass 
surveys were randomly selected for inclusion in the removal trials. Trial carcasses were randomly 
placed at selected turbines within a plot of similar size to the actual search plots.  
 
Personnel conducting carcass searches monitored the trial birds over a 40-day period, checking the 
carcasses every day for the first four days of the trial, and then on day 7, day 10, day 14, day 20, 
day 30, and day 40. This schedule varied somewhat depending on weather and coordination with 
the other survey work. Removal trial carcasses were marked discreetly (e.g., with dark electrical 
tape around one or both legs) for recognition by searchers and other personnel, and left at the 
location until the end of the carcass removal trial. At the end of the 40-day period, any remaining 
evidence of the carcass was removed. 

Statistical Methods 

Statistical Methods for Fatality Estimates 

Estimates of facility-related fatalities are based on: 
 

(1) Observed number of carcasses found during standardized searches during 
the monitoring period for which the cause of death is either unknown or is 
probably facility-related; 
 

(2) Non-removal rates expressed as the estimated average probability a carcass 
is expected to remain in the study area and be available for detection by the 
searchers during removal trials; and 
 

(3) Searcher efficiency expressed as the proportion of planted carcasses found 
by searchers during searcher efficiency trials. 

 
The numbers of carcasses found incidentally and during scheduled searches were reported.  All 
carcasses located within areas surveyed, regardless of species, were recorded and, if possible, a 
cause of death determined based on a cursory field necropsy. Total numbers of bird and bat 
carcasses were estimated by adjusting for removal and searcher efficiency bias. If the cause of 
death was not apparent, a “worst case” presumption was made by attributing the mortality to the 
operation of the wind-energy facility. 

Definition of Variables 

The following variables are used in the equations below: 
 
ci the number of carcasses detected at plot i for the study period of interest, for which the 

cause of death is either unknown or is attributed to the facility 
n the number of search plots 
k the number of turbines searched 
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c  the average number of carcasses observed per turbine per monitoring period 
s the number of carcasses used in removal trials 
sc the number of carcasses in removal trials that remain in the study area after 30 days 
se standard error (square of the sample variance of the mean) 
ti the time (in days) a carcass remains in the study area before it is removed, as determined 

by the removal trials 
t  the average time (in days) a carcass remains in the study area before it is removed, as 

determined by the removal trials 
d the total number of carcasses placed in searcher efficiency trials 
p the estimated proportion of detectable carcasses found by searchers, as determined by the 

searcher efficiency trials 
I the average interval between standardized carcass searches, in days 
A proportion of the search area of a turbine actually searched 
̂  the estimated probability that a carcass is both available to be found during a search and 

is found, as determined by the removal trials and the searcher efficiency trials 
m the estimated average number of fatalities per turbine per monitoring period, adjusted for 

removal and searcher efficiency bias 
 

Observed Number of Carcasses 

The estimated average number of carcasses (c ) observed per turbine per monitoring period is 
determined by:  
 

 1

n

i
i

c
c

k A




   (1) 

 

Estimation of Carcass Non-Removal Rates 

Estimates of carcass non-removal rates were used to adjust carcass counts for removal bias. 
Mean carcass removal time ( t ) is the average length of time a carcass remains in the study area 
before it is removed: 
 

 1

s

i
i

c

t
t

s s




  (2) 

 

Estimation of Searcher Efficiency Rates 

Searcher efficiency rates are expressed as p, the proportion of trial carcasses that are detected by 
searchers in the searcher efficiency trials. These rates were estimated by carcass size. 
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Estimation of Facility-Related Fatality Rates 

The estimated per turbine annual fatality rate (m) is calculated by: 
 

 ^

c
m


   (3) 

 
where ̂  includes adjustments for both carcass removal (from scavenging and other means) and 
searcher efficiency bias. Data for carcass removal and searcher efficiency bias were pooled 
across the study to estimate ̂ .  
 
̂  is calculated as follows:  
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This formula has been independently verified by Shoenfeld (2004). The final reported estimates 
of m and associated standard errors and 90% confidence intervals were calculated using 
bootstrapping (Manly 1997). Bootstrapping is a computer simulation technique that is useful for 
calculating point estimates, variances, and confidence intervals for complicated test statistics. For 

each bootstrap sample, c , t , p, ̂ , and m are calculated. A total of 5,000 bootstrap samples were 
used and the reported estimates are the mathematical means of the 5,000 bootstrap estimates. The 
standard deviation of the bootstrap estimates is the estimated standard error. The lower 5th and 
upper 95th percentiles of the 5,000 bootstrap estimates are estimates of the lower limit and upper 
limit of 90% confidence intervals.  

RESULTS 

Standardized Carcass Surveys 

The 12 turbines representing 20% of all turbines within the FRWEF-III were searched over the 
course of the fatality monitoring study for a total of 83 turbine searches. A total of three birds and 
five bats were found during standardized carcass surveys, and no additional fatalities were found 
incidentally (Appendix A). One of the bats (hoary bat [Lasiurus cinereus]) was found alive, and 
was subsequently released after discovery. The number, species, location, other characteristics of 
the bird and bat fatalities, and the fatality estimates adjusted for searcher efficiency and carcass 
removal biases are discussed below.  

Bird Fatalities 

During the study, three birds were found. All three of the fatalities were comprised only of a few 
bones without any feathers or fleshy parts remaining. Two of the fatalities were identifiable only 
as ducks based on skull characteristics, while the one remaining casualty was only identifiable as 
a large bird because the skull was not present; however, this casualty was likely also a duck. No 



Fatality Monitoring at the Fowler Ridge III Wind-Energy Facility, Indiana 

 
Western EcoSystems Technology, Inc. 8 April 12, 2010 

bird fatalities were found incidentally. The bird fatalities were found on April 13, 22, and 30, 
2009. 
 
Two of the birds (the unidentified large bird and one unidentified duck) were found at Turbine 
432, and the remaining unidentified duck casualty was found at Turbine 435 (Figure 4). All bird 
fatalities were found more than 60 m (197 ft) from the turbines. All bird fatalities were estimated 
to have been present at least two weeks to one month before the study was initiated.  

Bat Fatalities 

Five bat fatalities comprised of four species were found, including two hoary bats and one each 
of the following species: eastern red bat (Lasiurus borealis), silver-haired bat (Lasionycteris 
noctivagans), and big brown bat (Eptesicus fuscus; Appendix A). No bat casualties were found 
incidentally.  
 
The five bat fatalities were found at Turbines 387, 432, 435, 444, and 464 (Figure 5). Given the 
small number of bats found, no statistical tests were conducted to compare fatalities among 
different locations. Of the bat fatalities, two (40.0%) were found between 10-20 m (33-66 ft) 
from the turbines, two (40.0%) were found between 40-50 m (131-164 ft) from the turbines, and 
one (20.0%) was found more than 60 m from the turbine.  
 
Bat fatalities were found on April 30 (three fatalities), May 26 (one), and June 10, 2009 (one). 
Three bat fatalities were intact, one was scavenged, and one hoary bat was found alive and was 
subsequently released. Two of the fatalities were estimated to have occurred the previous night 
and two were estimated to have died from four to seven days before they were found.  

Searcher Efficiency Trials 

A total of 16 carcasses (eight large birds and eight small birds) were placed in the field during 
searcher efficiency trials conducted on two separate dates (April 30 and May 27). Observer 
detection rates were 83.3% for large birds and 50.0% for small birds (Table 1).  

Carcass Removal Trials 

A total of 16 carcasses were placed in the field during the study period (May 1 and May 28), 
including eight large birds and eight small birds. By day ten, approximately 25% of the large 
birds remained, while approximately 35% of the small birds remained (Figure 6).  

Adjusted Fatality Estimates 

Because all three birds found during the study were estimated to have died well before the study 
was initiated, no estimates of avian mortality could be made. Fatality estimates, standard errors, 
and confidence intervals were calculated for bats (Table 2). Based on searcher efficiency and the 
carcass removal rate at the site, the estimated average probability that a bird casualty would 
remain in the plot until a scheduled search and would be found during the study season, when 
turbines were searched weekly, was about 50% for large birds and about 39% for small birds. 
For turbines searched biweekly, these probabilities were approximately 30% for small birds and 
about 39% for large birds. The estimated average probability a bat casualty would remain until a 
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scheduled search and be found was about 43% for turbines searched weekly and approximately 
34% for turbines search biweekly. 
 
The estimated number of bat fatalities and associated 90% confidence limits for the April 2 – 
June 10 study period was 3.03 bat fatalities/turbine (90% confidence interval of 0.71 to 6.58 bat 
fatalities/turbine; Table 2). Based on the 1.65-MW capacity of turbines at the FRWEF-III, the 
estimated number of bat fatalities was 1.84 bat fatalities per MW during the April 2 to June 10 
study time period, or a total of 182 bat fatalities for the entire 99-MW facility. 

DISCUSSION 

Fatality Estimation  

The approach used for calculating adjusted fatality estimates is consistent with the approach 
outlined by Shoenfeld (2004) and Erickson (2006), and accounted for search interval, total area 
searched, searcher efficiency rates, and carcass removal rates. It is hypothesized that scavenging 
could change through time at a given area and must be accounted for when attempting to 
estimate fatality rates. We accounted for this by conducting scavenging trials throughout the 
study period. We also estimated searcher efficiency rates throughout the study period to account 
for any biases associated with changes in conditions.  
 
We calculated separate estimates of bat fatality rates based on the search interval. Overlapping 
confidence intervals for overall fatality estimates based on weekly and biweekly search intervals 
(Table 2) indicate that the estimates were consistent regardless of search interval. However, 
estimates derived from the weekly searches are likely most reliable.  
 
There are numerous factors that could contribute to both positive and negative biases in 
estimating fatality rates (Erickson 2006). The overall design of this study incorporates several 
assumptions or factors that affect the results of the fatality estimates. First, all bird casualties 
found within the standardized search plots during the study were included in the analysis. No 
carcasses found during this study were found incidentally within a search plot during other 
activities at the FRWEF-III. Second, it was assumed that all carcasses found during the study 
were due to collision with wind turbines. True cause of death is unknown for most of the bird 
fatalities. It is possible that some of the bird fatalities were caused by predators, and some of the 
casualties included in the data pool were potentially due to natural causes (background 
mortality). It is unlikely that any of the bat fatalities were due to factors not related to 
interactions with wind turbines. 
 
There are some other potential negative biases. For example, no adjustments were made for 
fatalities possibly occurring outside of the square plot boundaries. Plot boundaries were 
established a minimum distance of 80 m from the turbines. The search plot distance for this 
study was selected based on results of other studies (Erickson et al. 2004; Johnson et al. 2002, 
2003b, 2004; Kerlinger et al. 2007; Higgins et al. 1996; Young et al. 2003, 2005) in which a 
distance equal to the approximate height of the turbine appeared to contain a vast majority of 
fatalities. Based on the distribution of fatalities as a function of distance from turbines, a small 
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percentage of bird and bat fatalities possibly fell outside the search plots and may have been 
missed. This factor would lead to an underestimate of fatality rates.  
 
Other potential biases are associated with the experimental carcasses used in searcher efficiency 
and carcass removal trials and whether or not they are representative of actual carcasses. This 
may occur if the types of birds used are larger or smaller than the carcasses of actual fatalities, or 
if the trial carcasses are more or less cryptic in color than the actual fatalities. Mallards, ring-
necked pheasants, northern bobwhites, and house sparrows were used to represent the range of 
bird fatalities expected. It is believed that this range captures the range of sizes and other 
characteristics of actual fatalities and should be a reasonable representation of scavenging rates 
of the birds as a group. Additionally, due to a lack of bat fatalities to use for trials, data from 
small birds were used to estimate searcher efficiency and scavenging rates for bats. Although 
small birds were likely a good surrogate for bats in searcher efficiency trials, scavenging rates 
may differ between small birds and bats. 

Bird Fatalities 

Of the three birds that were found during scheduled searches (none found incidentally), there 
were no identifiable raptors or sensitive or protected species. Because all three birds were 
estimated to have died well before the study was initiated, it was not possible to estimate total 
avian fatality. Given that no birds were found that were estimated to have died during the study 
period, it appears that avian fatality at the FRWEF-III was very low during the April 2 – June 10 
time period that this study was conducted. Overall bird fatality estimates at seven Midwest wind-
energy facilities located in Nebraska, Wisconsin, Minnesota, Iowa, and Illinois (BHE 
Environmental, Inc. 2010, Derby et al. 2007; Gruver et al. 2009; Howe et al. 2002; Johnson et al. 
2000, 2002; Jain 2005; Kerlinger et al. 2007) have ranged from 0.6 to 7.2, and averaged 4.28 
birds/MW/year. The FRWEF-III is near an area designated as an Important Bird Area (IBA) due 
to high concentrations of staging American golden plovers (Pluvialis dominica) during spring 
migration. Although concerns have been raised over the potential for collision mortality, no 
American golden plover fatalities were found during this study. 
 
Based on the apparently very low avian mortality during the time frame of this study at the 
FRWEF-III, and assuming that mortality during other portions of the year is not substantially 
higher, then it is unlikely that operation of this facility will result in any significant impacts to 
bird populations, as has been the case at other wind-energy facilities across North America 
(Johnson and Stephens 2010).  

Bat Fatalities 

The estimated bat fatality rate at the FRWEF-III of 1.84 bats/MW during the study period is 
likely an underestimate of actual bat mortality as this study did not cover the fall migration 
period, when most bat mortality occurs at other wind-energy facilities across North America 
(Arnett et al. 2008, Johnson 2005). Therefore, bat mortality estimates from the FRWEF-I, which 
was studied during the spring, summer, and fall (Johnson et al. 2010), likely provide a better 
indicator of actual bat mortality at the FRWEF-III. At seven other wind-energy facilities in the 
Midwest (BHE Environmental Inc. 2010, Derby et al. 2007; Gruver et al. 2009; Howe et al. 
2002; Johnson et al. 2003, 2004; Jain 2005; Kerlinger et al. 2007), bat fatality estimates ranged 
from 0.8 to 30.6, and averaged 9.8 fatalities/MW/year. With the exception of two facilities in 
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Wisconsin (both of which were also located in a corn and soybean agroecosystem), where 
estimated bat mortality was 24.6/MW/year (Gruver et al. 2009) and 30.6/MW/year (BHE 
Environmental, Inc. 2010), the highest fatality estimates for bats have come from the eastern US, 
particularly the Appalachian region where estimates have ranged from 15.7 to 39.7 
bats/MW/year (Arnett et al. 2008).  
 
Pre-construction ground-based bat acoustical surveys were conducted at the Fowler Ridge Wind 
Resource Area from August 15 – October 19, 2007 (Gruver et al. 2007) and from July 17 – 
October 15, 2008 (Carder et al. 2009), time periods that cover the time frame during which most 
bat mortality at wind energy facilities occurs throughout North America.  Overall bat detections 
were low to moderate for sites in the Midwest, ranging from 4.7 bat calls/detector night in 2007 
to 6.45 bat calls/detector night in 2008.  Although none of the bat casualties found at the 
FRWEF-III in 2009 were high-frequency species (i.e., Myotis spp.), high-frequency bats 
comprised 49.0% of bat calls in 2007 and 34.2% of bat calls recorded in 2008, suggesting that 
high frequency species such as Myotis bats may be much less susceptible to turbine collisions. 
 
Landscape and habitat context have both been proposed as hypotheses to explain bat fatalities at 
wind-energy facilities. For example, in the eastern US, clearings cut into the forested ridges on 
which some wind-energy facilities are built are thought to contribute to the relatively high 
numbers of bat fatalities at these facilities, as clearings create potential foraging habitat, and 
ridges may serve as attractive linear features during foraging, commuting, or migration (Kunz et 
al. 2007). None of those features are present at the FRWEF-III. However, the relatively large 
numbers of bat fatalities reported in Wisconsin (BHE Environmental, Inc. 2010, Gruver et al. 
2009), Iowa (Jain 2005), and southwestern Alberta (Baerwald 2006) indicate that an open 
landscape is no guarantee of low mortality.  
 
Species composition of fatalities at the FRWEF-III was similar to that at most other wind-energy 
facilities, in that 80% of the fatalities were comprised of migratory tree bats, namely the hoary 
and eastern red bat. Based on the timing of fatalities for these species and the lack of forest cover 
that might provide habitat for resident bats, most of the fatalities were apparently migrants 
through the FRWEF-III, as is the case at virtually all other wind-energy facilities in North 
America (Johnson 2005, Arnett et al. 2008). Although it is known that most bat mortality occurs 
during fall migration, it is not known if migrating bats are particularly susceptible, or if other 
aspects of their behavior, such as mating or feeding behavior, change during the fall and 
therefore make bats more susceptible to turbine collisions whether they are migrating or not 
(Cryan and Barclay 2009). 
 
It seems unlikely that the FRWEF-III is located along a concentrated bat migration route, as 
there are no topographical features or large expanses of forested areas that would tend to 
concentrate migrating bats. This study was not designed to address that question, and obtaining 
information on migratory routes by bats (assuming they exist) has proven to be very difficult to 
date (Arnett et al. 2008). However, Baerwald and Barclay (2009) monitored bat activity in the 
fall at seven proposed or existing wind-energy facilities across southern Alberta and found that 
activity of migratory bats varied among sites, suggesting that migrating bats may concentrate 
along certain routes rather than migrate in a dispersed fashion across a broad area.  
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Because migratory tree bats are primarily solitary tree dwellers that do not hibernate, it has not 
been possible to develop any suitable field methods to estimate their population sizes. As a 
result, impacts on these bat species caused by wind energy development cannot be put into 
perspective from a population impact standpoint. To help solve this problem, population genetic 
analyses of deoxyribonucleic acid (DNA) sequences and microsatellite data are being conducted 
to provide effective population size estimates to determine if populations are growing or 
declining, and to see if these populations are comprised of one large population or several 
discrete subpopulations that use spatially segregated migration routes (Amy L. Russell, Assistant 
Professor, Grand Valley State University, Allendale, Michigan, pers. comm.). To date, initial 
analyses have been conducted only for the eastern red bat using mitochondrial DNA. Based on 
these analyses, it appears that this species fits a model of a single, very large population with a 
history of strong population growth (Vonhof and Russell in prep). The data do not suggest there 
are multiple populations separated by distinct migratory corridors. Although the point estimate 
for the eastern red bat population size in North America is 3.3 million, according to Dr. Russell 
(pers. comm.), the true population size is likely “millions to tens of millions” in size.  
 
Additional research will be required to determine what impact wind-energy facilities have on 
migratory tree bat populations. Specifically, population size estimates similar to those available 
for eastern red bat need to be determined for hoary bat and silver-haired bat.  
 
To date there have been fewer than 10 studies conducted to estimate bird and bat fatalities from 
wind turbine operations in the Midwest, and studies at the Fowler Ridge Wind Energy Facility 
represent the first such studies in Indiana.   Results of this study further contribute to our 
understanding of wind-energy impacts to birds and bats. As more wind-energy facilities are built 
in the region, and additional studies become available, a clearer picture of the impacts to birds 
and bats will emerge. 
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Table 1. Searcher efficiency results at the Fowler Ridge III Wind-Energy 

Facility as a function of season and carcass size. 
Size Date # Placed # Available # Found % Found 

Small Birds 
4/30/2009 4 2 2 100 
5/27/2009 4 4 1 25 

 Overall 8 6 3 50 

Large Birds 
4/30/2009 4 2 1 50 
5/27/2009 4 4 4 100 

 Overall 8 6 5 83.3 
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Table 2. Fatality estimates and components for bats for the Fowler Ridge III Wind-Energy 

Facility. 
   90% C.I.   90% C.I. 
Parameter mean se ll ul mean se ll ul 
Search Area Adjustment 
A 1.00        
Observer Detection 
p 0.51 0.18 0.25 0.75     
 Weekly Searches Biweekly Searches
Observed Fatality Rates (Fatalities/turbine)

 0.34 0.20 0 0.67 0.51 0.20 0.20 0.83 
Average Probability of Carcass Availability and Detected 

 0.43 0.17 0.17 0.70 0.34 0.15 0.11 0.60 
Adjusted Fatality Estimates (Fatalities/turbine)
mi 0.96 0.91 0 2.46 2.04 1.86 0.50 4.69 
Daily Fatality Rates (Fatalities/turbine/day)
di 0.014 0.013 0 0.035 0.029 0.027 0.007 0.067 
Overall (All Turbines Combined) Adjusted Fatality Estimates (Fatalities/turbine) 
 3.03 2.84 0.71 6.58     
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Figure 1. Location of the Fowler Ridge Wind-Energy Facility in Benton County, Indiana.  
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Figure 2. Landcover types at the Fowler Ridge III Wind-Energy Facility. 
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Figure 3. Location of carcass search plots at the Fowler Ridge III Wind-Energy 
Facility. 
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Figure 4. Location of bird casualties found at the Fowler Ridge III Wind-Energy Facility. 
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Figure 5. Location of bat casualties found at the Fowler Ridge III Wind-Energy Facility. 
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Figure 6. Scavenger removal rates for the Fowler III Wind Energy Facility during the 
April 2 to June 10, 2009 study period. 



 

 

 
 
 
 
 
 
 
 
 
 

Appendix A - Bird and Bat Casualties Found at the Fowler Ridge III Wind Energy 
Facility, Benton County, Indiana, April 2–June 10, 2009 



 

 

 
Appendix A - Bird and bat casualties found at the Fowler Ridge III Wind Energy Facility, 

Benton County, Indiana, April 2–June 10, 2009. 

Date Species Turbine
Distance to 

Turbine 
Carcass 
Condition Scheduled/Incidental

Birds 
4/13/2009 unidentified large bird 432 88 scavenged carcass search 
4/22/2009 unidentified duck 435 89 scavenged carcass search 
4/30/2009 unidentified duck 432 76 scavenged carcass search 
Bats      
4/30/2009 hoary bat 432 16 intact carcass search 
4/30/2009 hoary bat 435 45 injured-released carcass search 
4/30/2009 big brown bat 464 16 intact incidental find 
5/26/2009 silver-haired bat 444 61 scavenged carcass search 
6/10/2009 eastern red bat 387 41 intact carcass search 
 



Bat Monitoring Studies at the Fowler Ridge Wind Energy 
Facility 

Benton County, Indiana 
 

 
April 13 – October 15, 2010 

 

Prepared for: 

Fowler Ridge Wind Farm 
 
 

Prepared by:  

Rhett E. Good, Wally Erickson, Andy Merrill, Sandra Simon, Kevin Murray, Kimberly Bay, 
and Chris Fritchman   

 
Western EcoSystems Technology, Inc. 

2003 Central Avenue 
Cheyenne, Wyoming 82001 

 
January 28, 2011 

 

 

 

 

NATURAL RESOURCES  SCIENTIFIC SOLUTIONS 



  

Fowler Ridge 2010 Study Results    

 

 

WEST, Inc. i January 28, 2011 

EXECUTIVE SUMMARY 

The Fowler Ridge Wind Farm (FRWF) is collectively owned by BP Wind Energy, Sempra 
Generation, and Dominion Energy, and is being developed in five separate phases for a total of 
1,000 megawatts (MW).  The project currently consists of 355 wind turbines in three phases in 
Benton County, Indiana. A post-construction casualty study of birds and bats was conducted 
within Phases I and III during 2009 by Western EcoSystems Technology, Inc (WEST). One 
carcass of an Indiana bat (Myotis sodalis), a federally endangered species, was found by wind 
plant personnel during the fall of 2009. As a result of this discovery, the US Fish and Wildlife 
Service (USFWS) Field Office in Bloomington, Indiana, has recommended that the FRWF 
develop a Habitat Conservation Plan (HCP). Consequently, the owners of the FRWF requested 
that WEST conduct further research of potential bat casualty and use rates at the FRWF during 
2010 for use in completing a HCP and obtaining an Incidental Take Permit (ITP) from Region 3 
of the USFWS. The results presented in this report were collected under a Scientific Research 
and Recovery Permit for the Indiana bat (TE15075A). 
 
Studies at the FRWF were comprised of two components: a bat casualty study and an 
acoustical bat survey.  The goals of the casualty study were: 1) to determine if Indiana bat 
fatalities were widespread and if fatalities occurred at levels that may reduce the viability of 
Indiana bat populations; and 2) determine if facility operation management can be utilized as an 
effective tool for reducing bat casualty rates. The goals of the bat use study were to: 1) measure 
the overall rates of use of the FRWF by Indiana bats and other bat species; and to 2) provide 
information that may help to better define periods when potential mitigation and minimization 
measures for Indiana bats may be most effective. 
 
Casualty searches were conducted during the spring (April 13 – May 15, 2010) and fall (August 
1 – October 15, 2010) migration periods. Casualty searches were completed on two types of 
plots: 1) 80 x 80-meter (m; 262 x 262-foot [ft]) square plots centered on 36 turbines and cleared 
of vegetation; and 2) roads and turbine gravel pads within 40 m (131 ft) of 100 additional 
turbines. Carcass searches were conducted daily at the 36 square plots, and weekly at the road 
and pad plots. During the spring, 128 turbines were sampled during the study. Surveys were 
unable to be completed on eight turbines originally selected for road and pad searches as part 
of the study plan due to construction activities. Surveys were completed at all 136 turbines in 
the fall. 
 
Turbines were selected for carcass searches using a systematic sampling design with a random 
start. During the fall migration period the effectiveness of raising turbine cut-in speeds was 
tested at a sample of the daily searched turbines. Bat casualty rates were measured at two 
different cut-in speed adjustments or “treatments” and two sets of “control” or “reference” 
turbines with no turbine cut-in speed adjustment.  Nine turbines were randomly selected from 
the sample of 36 daily searched turbines for use as a “control” sample, and had no treatments 
for the duration of the study. Treatments for cut-in speed adjustment and a second set of 
“control” turbines were rotated on a weekly basis between the remaining 27 daily search 
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turbines, with nine turbines assigned to each group. The treatments included turbines with cut-in 
speeds raised to a lower level (5 m/s), and turbines with cut-in speeds raised to higher level (6.5 
m/s).  Turbines were randomly assigned to control and treatment groups among the 27 turbines, 
and treatments were distributed to ensure each turbine received 3 - 4 weeks of each treatment 
or control status. 
 
During the spring migration period (April 13, 2010 – May 15, 2010) 80 x 80-m square plots were 
surveyed 33 times for a total of 1,169 searches. A total of 423 surveys were completed at roads 
and pads during spring 2010. Thirty-six bat casualties (18 silver-haired bats [Lasionycteris 

noctivagans], 15 eastern red bats [Lasiurus cinereus], two hoary bats [Lasiurus borealis], and 
one big brown bat [Eptesicus fuscus]) were found during the spring. Of the 36 bat casualties 
found, 32 were found during scheduled searches and four were found incidentally. All fresh, 
non-myotis bat casualties were collected and utilized in searcher efficiency and carcass removal 
trials. Four raptor casualties (three red-tailed hawks [Buteo jamaicensis] and one rough-legged 
hawk [Buteo lagopus]), eight small bird casualties (two European starlings [Sturnus vulgaris], 
one horned lark [Eremophila alpestris], one Tennessee warbler [Vermivora peregrina], one 
common yellowthroat [Geothlypis trichas], one unidentified dove and two unidentified birds) 
were also found during spring migration searches. 
 
During the fall 3,871 plot surveys were conducted during 110 visits to the study area at the 36 
daily search turbines, with an additional 1,618 surveys being conducted during 17 visits to the 
facility at the 100 turbines selected for road and pad surveys. A total of 556 bats were found 
during regularly scheduled searches, with an additional 25 bats found incidentally at turbine 
search plots. The remaining 228 bat carcasses were found outside of the study period during 
clearing searches or not on scheduled search turbines and were not included in the casualty 
estimates. The most commonly found bat species during scheduled searches was eastern red 
bat (353 fatalities, 63.49% of fatalities), followed by silver haired bat (98 fatalities, 17.62%), 
hoary bat (84 fatalities, 15.11%), and big brown bat (16 fatalities, 2.88%). Two tri-colored bats 
(Perimyotis subflavus), two little brown bats (Myotis lucifigus) and one Indiana bat (Myotis 

sodalis) were also found during scheduled searches. 
 
During these studies, some casualties may have been missed on search plots because either 
searchers missed them, or scavengers removed them prior to the search.  Experimental trials 
were conducted to estimate these adjustment factors, including an estimate of the probability a 
carcass is available to be found during a search (i.e. not removed by scavengers) and is 
detected by observers.  A total of 222 fresh bat carcasses were used in calculating an empirical 
estimate of the probability of availability and detection. These carcasses were allowed to remain 
where placed for a 28 day period and the date when searchers found the carcasses was noted. 
Of the 222 carcasses placed 77 were placed on turbines where only the road and pad was 
searched and 145 were placed on turbines where cleared plots were searched.  The empirical 
estimate for the probability of available and detected on road/pad searches was 0.51 for weekly 
searches and 0.58 for cleared plot turbines (i.e. daily searches)   
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Two casualty estimators were used.  The Schoenfeld method utilizes a formula to estimate the 
probability of a carcass being available and detected by search, and is typically used for studies 
with infrequent search intervals. The Schoenfeld estimate was calculated to ensure a casualty 
estimate could be compared to the 2009 bat casualty estimate. The 2nd estimator used, the 
empirical estimate, was based on daily checks of bat carcasses, and represents an actual 
measure of carcass availability and detectability. 
 
The estimated number of bat fatalities per turbine (based on Shoenfeld‟s pi estimates) was 0.91 
for daily search plots and 0.43 for weekly search plots during the spring season. These 
estimates increased during the fall season, with 17.69 bat fatalities per turbine per season at 
daily search turbines and 15.73 bats per turbine at weekly searches. Adjusted casualty 
estimates based on empirical estimates for the probability of available and detected were 1.25 
bats per turbine for daily search turbines and 0.55 bats per turbine for weekly searches in the 
spring and 24.17 bats per turbine for daily search turbines and 20.96 per turbine for weekly 
searches in the fall, with an overall adjusted casualty estimate of 22.20 bats per turbine for the 
study period.  
 
Bat casualty rates were lower at turbines where cut-in speeds were adjusted. Bat casualty rates 
and corresponding 90% bootstrap confidence intervals of 14.0 (11.6 - 16.5), 7.0 (7.0 - 9.1), and 
3.0 (1.8 - 4.2) bats/turbine/season were recorded at control, 5.0 m/s, and 6.5 m/s treatment 
conditions respectively.  Non-overlapping confidence intervals for observed casualty rates under 
each cut-in speed condition indicate a significant difference between treatments. An 
approximate 50% reduction in overall bat mortality was realized by raising the cut-in speed by 
1.5 m/s (from 3.5 m/s to 5.0 m/s).  An approximate 78% reduction in overall bat mortality was 
realized by raising the cut-in speed by 3.0 m/s (from 3.5 m/s to 6.5 m/s).   
 
Relationships between bat casualty rates and weather factors were evaluated utilizing Poisson 
regression during the fall migration period of 2010.  Bat casualty rates were highest on nights 
with higher bat activity, lower mean wind speeds, higher mean temperature and increasing 
variance in temperature, and increasing barometric pressure. In other words, higher bat 
fatalities were associated with warmer, calmer evenings prior to or after the passage of weather 
fronts and increasing bat activity. Bat casualty rates were also related to turbine type, with 
higher bat casualty rates observed at turbines with greater rotor swept areas. 
 

Bat activity was monitored at the base of four daily search turbines on 36 nights during the 
spring period of April 9 through May 14. Bat activity was monitored at ground locations 
previously monitored during 2007 on 95 nights during the fall period of July 15 through October 
18, 2010. Turbine locations were monitored at the base from August 1 through October 18, 
2010; and nacelle units from August 17 through October 18, 2010. Anabat units recorded 185 
bat passes on 137 detector-nights during the spring, and 5,721 bat passes on 685 detector-
nights during the fall. The average bat activity for ground stations was 1.34 ± 0.29 bat passes 
per detector-night in the spring, and 11.46 ± 1.29 at ground stations and 3.10 ± 0.42 at raised 
stations during the fall.   
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Calls were placed in three groups, based on call frequency. During the spring study season, 
passes by low-frequency bats (LF; 46.5% of all bat passes) outnumbered passes by mid-
frequency bats (MF; 28.1%) and high-frequency bats (HF; 25.4%), and this pattern was 
consistent among ground stations. Temporal patterns of use were similar among all three 
species groups during the study period, with the highest periods of use occurring during the first 
two weeks in August. During the fall study season, passes by LF bats (55.2% of all bat passes) 
outnumbered passes by HF (22.4%), and MF (22.3%), and this pattern was consistent among 
ground stations. Among raised stations, LF bats comprised 71.6% of passes. LF and MF 
comprised a greater proportion, and HF comprised a lower proportion, of calls recorded on the 
nacelle of turbines compared to ground stations. Temporal patterns of use were similar among 
all three species groups during the study period.  
 
Using a call library, Myotis bat calls were analyzed to determine if call characteristics resembled 
Indiana bat calls. Three methods were utilized to identify potential Indiana bat calls, including a 
Discriminant Function Analysis, the “Britzke” filter, and a qualitative analysis by WEST 
biologists. Thirty calls were identified by the Discriminant Function Analysis as resembling calls 
made by Indiana bats in 2010, two calls passed the Britzke filter, and WEST biologists identified 
all 30 calls as being made by Myotis, but were not able to conclusively determine if calls were 
made by Indiana or little brown bat.  Most potential Myotis calls were identified as occurring on 
the evening of August 9-10, 2010 at a ground-based station located away from turbines.  Based 
on the presence of multiple potential calls, Myotis were present on the evening of August 9-10 
at Station 2 (located away from turbine locations), and some potential exists that these calls 
were made by Indiana bats.  The recording of individual potential Myotis sodalis calls identified 
by the Discriminant Function Analysis on other nights and stations does not provide strong 
evidence of Myotis sodalis activity due to the potential for incorrect identifications. 
 
Bat activity was also actively  sampled during both the spring and fall study seasons by driving 
east-west transects across the study area twice per week and recording calls at water sources 
and other potential bat habitat features. During the spring study period (five detector nights), 
active bat monitoring efforts recorded five HF bat passes, one MF bat pass, and nine LF bat 
passes. During the fall study season (21 detector-nights), active bat monitoring efforts recorded 
32 HF bat passes, 59 MF bat pass, and 43 LF bat passes. None of the passes were identified 
as Indiana bat. 
 
Bat activity was positively correlated with observed casualty rates, although other factors, such 
as weather and turbine type also played a role in observed bat casualty rates. Correlation 
between bat activity (number of bat passes per detector night) recorded with Anabat units 
located on the nacelles of selected turbines and observed casualty rates of fresh bat carcass 
finds was stronger than the correlation of casualty rates to Anabat detectors located at the base 
of turbines (Pearson‟s correlation coefficients; 0.45 and 0.07 respectively).  
 
The primary goals of the 2010 casualty study were to: 1) determine if Indiana bat fatalities were 
widespread, and if fatalities occurred at levels that may reduce the viability of Indiana bat 
populations; and 2) determine if facility operation management can be utilized as an effective 
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tool for reducing bat casualty rates. Despite the increased survey effort over studies conducted 
in 2009, and despite reasonable probabilities of detecting bat carcasses during the study, very 
few Myotis carcasses were found, with only one Indiana bat carcass found during the study. 
Very few Myotis calls were recorded during the course of the study, and multiple calls potentially 
resembling Indiana bat calls were recorded at a single station on one evening during the fall 
migration period.  It is clear that Indiana bat casualties were not widespread and did not occur at 
a high rate during the spring and fall migration period of Indiana bats. The data collected during 
this study also provide a reasonable estimate of overall bat casualties within the FRWF. More 
detailed estimates of Indiana bat casualties for future operations of the FRWF will be calculated 
within a Habitat Conservation Plan, currently being prepared for the FRWF. 
 
The data collected at the FRWF show bat casualty rates were affected by bat activity, weather, 
turbine types, and habitat. These observed relationships provide a baseline for developing 
additional hypotheses for implementing and testing measures to reduce bat casualty rates. The 
results also show that Indiana bat fatalities occur at the FRWF, albeit at an extremely low rate. 
While the low rate of Indiana bat fatalities likely indicate impacts of operation of the FRWF are 
also low, the low casualty rates also make it difficult to recommendations specific measures for 
Indiana bats. Thus, recommendations provided in this report are aimed at providing a basis for 
designing a strategy for reducing overall bat casualty rates under the assumption that Indiana 
bat casualty rates will also be reduced.  
 
Raising turbine cut-in speeds showed a reduction in bat casualty rates at FRWF during the fall 
of 2010, and similar reductions in bat casualty rates have also been documented by researchers 
at other wind-energy facilities. However; correlations observed between weather variables and 
bat fatalities suggest that focusing or adjusting cut-in speeds during periods when bats may be 
at most risk, or at locations where bats may be more likely to be found as fatalities, may provide 
similar reductions in bat fatalities.  
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INTRODUCTION AND BACKGROUND 

The Fowler Ridge Wind Farm (FRWF) is collectively owned by BP Wind Energy North America 
(BPWENA), Sempra Generation, and Dominion Energy and is being developed in five separate 
phases for a total of 1,000 megawatts (MW). The project currently consists of 355 wind turbines 
in three phases in Benton County, Indiana (Figure 1). A post-construction casualty study of birds 
and bats was conducted within Phases I and III during 2009 by Western EcoSystems 
Technology, Inc (WEST, Inc.; Johnson et al. 2010a, 2010b). One carcass of an Indiana bat 
(Myotis sodalis), a federally endangered species, was reported by FRWF personnel during the 
fall of 2009 (Johnson et al. 2010b, USFWS 2010). As a result of this discovery, the US Fish and 
Wildlife Service (USFWS) Field Office in Bloomington, Indiana, recommended that the FRWF 
develop a Habitat Conservation Plan (HCP). Consequently, the owners of the FRWF requested 
that WEST conduct further research of Indiana bat use and potential casualty rates at the 
FRWF for use in completing a HCP and obtaining an Incidental Take Permit (ITP) from Region 
3 of the USFWS. The results presented in this report were collected under a Scientific Research 
and Recovery Permit for the Indiana bat (TE15075A). 
 
Studies at the FRWF were comprised of two components: a bat casualty study and an 
acoustical bat survey.  The goals of the casualty study were to: 1) determine if Indiana bat 
fatalities were widespread, and if fatalities occurred at levels that may reduce the viability of 
Indiana bat populations; and 2) determine if facility operation management can be utilized as an 
effective tool for reducing bat casualty rates. The goals of the bat acoustic study were to: 1) 
measure the overall rates of use of the FRWF by Indiana bats and other bat species; and to 2) 
provide information that may help to better define periods when potential mitigation and 
minimization measures for reducing impacts to Indiana bats may be most effective. 
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Figure 1. Location of the Fowler Ridge Wind Farm. 

STUDY AREA 

The FRWF currently has a total energy capacity of 600 megawatts (MW). Phase I consists of 
122 Vestas V82 1.65-MW turbines and 40 Clipper C96 2.5-MW turbines for a total of 301 MW of 
energy capacity. Phase II consists of 133 1.5-MW General Electric (GE) SLE Turbines with a 
total capacity of 199.5 MW. Phase III consists of 60 Vestas V82 1.65-MW turbines (99 total MW 
of capacity). The three turbine types varied in size (Table 1). 
 
Table 1. Turbine characteristics at the Fowler Ridge Wind Farm. 

Turbine Model MW 
Turbine Height 

(m) 
Rotor Diameter 

(m) 
Standard cut-in 

speed (m/s) 
GE SLE 1.5 80 77 3.5 
Vestas V82 1.65 80 82 3.5 
Clipper C96 2.5 80 96 3.5 
 
Phases I and III were constructed in 2008 and became operational during January of 2009. 
Phase II was constructed in 2009 and became operational by December 31, 2009. 
 



Fowler Ridge 2010 Study Results 

 

WEST, Inc. 3 January 28, 2011 

The FRWF is located in western Indiana in Benton County (Figure 1). The wind-energy facility 
lies within the Tipton Tall Plain physiographic region that includes much of central Indiana and 
lies within the Grand Prairie Natural Region that includes a small section of north central Indiana 
(Whitaker and Mumford 2009). The topography of the FRWF is mostly flat to slightly rolling 
(Figure 2). Elevations in the project area range from approximately 700-800 feet (ft; 213-244 
meters [m]). The area averages 40 inches (102 centimeters [cm]) of precipitation per year and 
average temperatures range from 19 to 45 °F (-7.2 to 7.3 °C) in January to 65 to 86 °F (18 to 30 
°C) in July. Soils in the FRWF are various combinations of silt loam, clay loam, loam, silty clay 
loam, sandy loams and sandy clays (USDA-NRCS 2006). Much of the area is classified as 
prime farmland based on soil type. The FRWF is dominated by tilled agriculture, with corn (Zea 

mays) and soybeans (Glycine max) being the dominant crops (Figure 3). Of the roughly 54,880 
acres (about 86 square miles [mi2]) within one half-mile (0.80 km) of turbine locations, row crops 
comprise about 93% of the land use for the study area (USGS NLCD 2001; Table 2; Figure 3). 
After tilled agriculture, the next most common land uses within the FRWF are developed areas 
(e.g., houses and buildings), which comprise 5.0% of the total, and pastures/hayfields, which 
comprise 1.4% of the total. There are 22.8 acres (0.04 mi2) of grasslands which compose less 
than 0.1% of the study area. Grasslands in the study area are limited primarily to strips along 
drainages, railroad rights-of-way (ROW), and ROWs along county and state roads. There are 
also a few grass-lined waterways within cultivated fields in the area. Trees in the study area 
occur at homesteads, along some of the drainages and fencerows, and within some small, 
isolated woodlots. Forested areas are rare within the study area based on 2001 data (Homer et 
al. 2004), and the 249.3 acres (0.39 mi2) of forest comprise 0.5% of the total area. Small 
amounts of barren ground, open water, and woody wetlands are also present. 
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Figure 2. Elevation and topography of the Fowler Ridge Wind Farm. 
 
 
Table 2. Land cover types within the Fowler Ridge Wind Farm. 
Habitat Type Acres Percent Composition 
Crops 51013.03 92.95% 
Developed, Low Intensity 1505.60 2.74% 
Developed, Open Space 1245.02 2.27% 
Pasture/Hay 751.97 1.37% 
Deciduous Forest 249.35 0.45% 
Developed; Medium Intensity 47.60 0.09% 
Grassland 22.79 0.04% 
Open Water 17.02 0.03% 
Developed, High Intensity 16.40 0.03% 
Barren 10.02 0.02% 
Emergent Wetlands 1.23 <0.01 
Overall 54,880.05 100 
 
 



Fowler Ridge 2010 Study Results 

 

WEST, Inc. 5 January 28, 2011 

 
Figure 3. Land use/ land cover of the Fowler Ridge Wind Farm (USGS NLCD 2001). 

METHODS 

Bat Casualty Surveys 

The primary objectives of the bat casualty study included: 
 

1) Estimate the overall bat casualty rates within the FRWF in Phases I, II and III in order to 
make a scientifically defensible estimate of annual Indiana bat casualty rates. 

 
2) Determine if statistical relationships exist between bat casualty rates and weather factors 

(e.g., wind speed, temperature). 
 

3) Test the effectiveness of facility operations management for reducing bat casualty rates. 

Seasons 

The 2010 casualty study occurred during the spring (April 12 – May 15) and fall (August 1 – 
October 15) migration periods for Indiana bats (USFWS 2007). The FRWF is located within an 
area dominated by corn and soybean fields, and forest cover is rare. Based on the overall lack 
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of forest cover, as well as an assessment of the project by the USFWS, Indiana bats were 
assumed to be absent during summer. The original Indiana bat carcass was found on 
September 11, 2009 (see USFWS 2010), and based on timing and land cover surrounding the 
carcass and turbine, the bat was assumed to have been a fall migrant. The vast majority of bat 
fatalities of other species at Fowler I and III, and at other wind-energy facilities have also been 
found during the fall migration period, with a smaller peak of fatalities occurring during the spring 
migration period (Arnett et al. 2008; Johnsonet al. 2010a, 2010b).  

Search Plot and Sample Size 

The FRWF is composed of 355 turbines. One-hundred-thirty-six turbines (about 38% of all 
turbines) were sampled during the study (Figure 2). Square 80 x 80 m plots at 36 turbines were 
maintained relatively free of vegetation in order to increase searcher efficiency rates (Figure 4). 
Plots were maintained throughout the study through the use of herbicides and mowing. The 80 x 
80 m plot size was chosen based on the distances bats typically fall from turbines (Johnson et 
al. 2010b).  
 

 
Figure 4. Example diagram of a search plot surrounding a turbine at the Fowler Ridge Wind Farm. 
 
Carcass searches at an additional 100 turbines were conducted along access roads and turbine 
pads within 40 meters measured using sub-meter Global Positioning Systems (GPS). Roads 
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and pads were searched at these additional turbines in order to increase the spatial coverage of 
sampling efforts and to increase the probability of detecting an Indiana bat casualty. This 
proposed sampling approach assumes that representative casualty rates can be calculated by 
searching only road and turbine pads. This assumption was tested using a double-sampling 
approach within the 36 cleared plots described above. The locations of carcasses within the 
cleared plots were recorded (i.e., on turbine pad and road versus off turbine pads and roads) for 
use in analyses.  
 
The 36 turbines with cleared plots were searched daily throughout the sampling period. The 
remaining 100 turbines without cleared plots were searched on a weekly basis. The search 
intervals proposed for the 2010 study season were based on the results of the 2009 casualty 
study. During 2009, the average length of stay for bat carcasses at the FRWF was 6.1 days 
(Johnson et al. 2010b).  
 
Turbines were selected for sampling using a systematic design with a random start from a 
sample of turbines where landowners were willing to participate in the study. In this fashion, the 
search effort was spread across the entire FRWF.  

Facilities Management Study 

The effectiveness of altering turbine cut-in speeds in reducing bat casualty rates was evaluated 
during the fall of 2010. Facility management studies were limited to the fall because few bat 
fatalities were expected during the spring of 2010 (see Johnson et al. 2010a), potentially 
reducing our ability to detect significant differences in casualty rates between treatments.  
 
Bat casualty rates were measured at two different cut-in speed adjustments or “treatments” and 
two sets of “control” turbines with no cut-in speed adjustment.  Nine turbines were randomly 
selected from the sample of 36 daily searched turbines for use as a “control” or “reference” 
sample for the duration of the study. Treatments for cut-in speed adjustment and a second set 
of “control” turbines were rotated on a weekly basis between the remaining 27 daily search 
turbines, with nine turbines assigned to each group. The treatments included turbines with cut-in 
speeds raised to 5 m/s, and turbines with cut-in speeds raised to 6.5 m/s.  Turbines were 
randomly assigned to control and treatment groups among the 27 turbines, and treatments were 
distributed temporally to ensure each turbine received 3 - 4 weeks of treatment or control status. 

Field Methods 

Casualty Searches 

Personnel trained in proper search techniques conducted the carcass searches. Searches 
occurred along transects within each search plot. Searchers walked at a rate of approximately 
45 to 60 m per minute (about 148 to 197 ft per minute) along each transect looking for bat 
carcasses. Transects were spaced at approximately 5-m (16-ft) intervals, and searchers 
scanned the area on both side sides out to approximately 2.5 m (about eight ft) for casualties as 
they walked each transect. All bat carcasses were recorded and collected. Bird carcasses were 
recorded, but left in the field. Searches began after 7am each morning, and were completed by 
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sunset, with most searches completed by early afternoon. The order of turbines searched, as 
well as the orientation of search transects, was changed on a daily basis. 
 
The condition of each carcass found was recorded using the following categories: 
 

 Intact - a carcass that is completely intact, is not badly decomposed, and shows no sign 
of being fed upon by a predator or scavenger. 

 
 Scavenged - an entire carcass, which shows signs of being fed upon by a predator or 

scavenger, or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, 
portion of a carcass, etc.), or a carcass that has been heavily infested by insects. 

 
 Feather Spot (for bird carcasses only) - 10 or more feathers at one location indicating 

predation or scavenging. 
 
Fresh bat carcasses found were collected, identified, and utilized during searcher efficiency and 
carcass removal trials (except for Myotis; see below for more details). Older or scavenged bat 
carcasses were identified to the extent possible, labeled with a unique number, and then 
bagged and frozen for future reference and possible necropsy. A copy of the data sheet for 
each carcass was maintained, bagged and kept with the carcass at all times. For all casualties 
found, data recorded included species, sex and age when possible, turbine identification 
number, date and time collected, GPS location, condition (intact, scavenged, feather spot), 
location within plot (road and turbine pad versus other areas), vegetation cover and any 
comments that may indicate cause of death. All bird and bat carcasses located were 
photographed as found and plotted on a detailed map of the study area showing the location of 
the wind turbines and associated facilities. Estimated time since death for bats was also 
recorded. Criteria used to determine time since death was based on daily observations of bat 
carcasses placed in plots during bias trials (Appendix A). 
 
Casualties found outside the formal search area by searchers, or carcasses reported to 
searchers by FRWF maintenance personnel, were treated following the above protocol as 
closely as possible. Casualties found in non-search areas (e.g., near a turbine not included in 
the search area) were coded as incidental discoveries, collected, and documented in a similar 
fashion as those found during standard searches. In addition to carcasses, all injured bats and 
birds observed in search plots were recorded and treated as a casualty.  
 
All Myotis carcasses found were identified to species by biologists trained in the identification of 
Myotis species, including Indiana bat, and were delivered to the USFWS office in Bloomington, 
Indiana. In order to verify field identifications of Myotis that could not be conclusively identified, 
skin samples were sent to Jan Zink at Portland State University for identification via 
deoxyribonucleic acid (DNA).  
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Field Bias Trials 
Searcher efficiency and removal of carcasses by scavengers was quantified to adjust the 
estimate of total bat fatalities for detection bias. Bias trials were conducted throughout the entire 
study period. A list of random turbine numbers and random azimuths and distances (m) from 
turbines was generated for placement of each bat used in bias trials. 
 
Only freshly killed bats conclusively identified as non-Myotis were used for searcher efficiency 
and carcass removal trials. At the end of each day‟s search, the field crew leader gathered all 
bat carcasses located during that day‟s surveys and then redistributed only the fresh bats at 
predetermined random points within any given turbine‟s searchable area.  Searchers had no 
knowledge of the number and placement of carcasses at turbines. Data recorded for each trial 
carcass prior to placement included date of placement, species, turbine number, distance and 
direction from turbine. Carcasses were identified as bias trials through the removal of the upper 
canine or placement of small, indistinct black zip ties on bat wings. 
 
Each trial bat was left in place and checked daily by the field crew leader or an observer not 
involved with the casualty searches; thus, trial bats were available and could be found by 
observers on consecutive days during daily searches unless the carcasses were previously 
removed by a scavenger. The date that each bat was found by an observer was recorded to 
determine the amount of time the carcass remained in the scavenger removal trial. If, however, 
a carcass was removed by a scavenger before detection by an observer, it was removed from 
the searcher efficiency trial and used only in the removal data set. When a bat carcass was 
found, the observer inspected the canine teeth or wing to determine if a bias trial carcass had 
been found. If so, the observer contacted the field crew leader and the bat was left in place for 
the carcass removal trial. Carcasses were left in place until removed by a scavenger, until they 
became decomposed to a point beyond recognition, for a maximum of 28 days, at which time 
the number of days after placement was recorded. 

Statistical Analysis 

Casualty Estimates 

Two methods were utilized to calculate overall bat casualty estimates: 1) Shoenfeld estimate of 
carcass availability (see Shoenfeld 2004), and 2) Empirical measure of carcass availability. The 
Shoenfeld estimate is typically used when search intervals are fairly wide, and the probability of 
a carcass being found by a searcher needs to be estimated. The Shoenfeld estimate was 
calculated to provide a comparable overall bat casualty estimate to the 2009 study results 
(Johnson et al. 2010b) and was based on carcass persistence and searcher efficiency results. 
For 2010 surveys, a second bat casualty rate was calculated utilizing an estimate of the 
probability of detection that doesn‟t separate out the influence of scavenging versus searcher 
detection. This empirical estimate is based on the overall ratio of the number of trial carcasses 
found by searchers to the number placed. Only bats found at turbines with no cut-in speed 
adjustments were used to estimate total bat casualty estimates using both methods. 
 
Estimates of the number of facility-related fatalities were based on: 
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1) Observed number of carcasses found during standardized searches during the 

monitoring period; and 
 

2) The probability that a carcass was present during a scheduled carcass search and 
detected by searchers. This probability was estimated both empirically and using 
Shoenfeld‟s estimator. Shoenfeld‟s estimate for the probability of availability and 
detection was based on non-removal rates, expressed as the estimated average 
probability a carcass is expected to remain in the study area and be available for 
detection by the observers during removal trials; and searcher efficiency expressed as 
the proportion of planted carcasses found by searchers during searcher efficiency trials. 
Empirical estimates of the probability a carcass was available and detected were 
calculated based on the overall detection of planted carcasses over a 28 day period. 

Definition of Variables 

The following variables are used in the equations below: 
 

ci the number of carcasses detected at plot i for the entire study period 
n the number of search plots 
k the number of turbines searched 
c  the average number of carcasses observed per turbine per monitoring period 
s the number of carcasses used in removal trials 
sc the number of carcasses in removal trials that remain in the study area after 30 

days 
se standard error (square of the sample variance of the mean) 
ti the time (in days) a carcass remains in the study area before it is removed, as 

determined by the removal trials 
t  the average time (in days) a carcass remains in the study area before it is 

removed, as determined by the removal trials 
d the total number of carcasses placed in searcher efficiency trials 
p the estimated proportion of detectable carcasses found by observers, as 

determined by the searcher efficiency trials 
I the average interval between standardized carcass searches, in days 
A proportion of the search area of a turbine actually searched 

s the Shoenfeld estimate for the probability that a carcass is both available to be 
found during a search and is found, as determined by the removal trials and the 
searcher efficiency trials 

e the empirical estimate for the probability that a carcass is both available to be 
found during a search and is found, as determined by the ratio of trial carcasses 
found over a 28 day period to the number of carcasses placed 

m the estimated average number of fatalities per turbine per monitoring period, 
adjusted for removal and searcher efficiency bias 

̂

̂
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Observed Number of Carcasses 

The estimated average number of carcasses ( c ) observed per turbine per monitoring period 
was:  
 

  (1) 

Estimation of Carcass Non-Removal Rates 

Estimates of carcass non-removal rates were used to adjust carcass counts for removal bias. 
Mean carcass removal time ( t ) is the average length of time a carcass remains in the study 
area before it is removed: 
 

  (2) 

Estimation of Searcher Efficiency Rates 

Searcher efficiency rates were expressed as p, the proportion of trial carcasses that were 
detected by observers in the searcher efficiency trials.  

Estimation of Facility-Related Casualty Rates 

The estimated per turbine casualty rate (m) is calculated by: 
 

  (3) 

where S includes adjustments for both carcass removal (from scavenging and other means) 
and searcher efficiency bias. Data for carcass removal and searcher efficiency bias are pooled 
across the study to estimate S.  
 

S is calculated as follows:  

 

 
This formula has been independently verified by Shoenfeld (2004). Empirical estimates for the 
probability of availability and detected E are caculated by the following equation. 
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The final reported estimates of m and associated standard errors and 90% confidence intervals 
(CI) were calculated using bootstrapping (Manly 1997). Bootstrapping is a computer simulation 
technique that is useful for calculating point estimates, variances, and confidence intervals for 
complicated test statistics.  
 
For each bootstrap sample, c , , p, , and m were calculated and a total of 5,000 bootstrap 
samples were used. The reported estimates are the mathematical means of the 5,000 bootstrap 
estimates. The standard deviation of the bootstrap estimates is the estimated standard error. 
The lower 5th and upper 95th percentiles of the 5,000 bootstrap estimates are estimates of the 
lower limit and upper limit of 90% confidence intervals.  

Effects of Raising Cut-In Speeds 

Casualty rates for each cut-in speed were calculated along with corresponding 90% bootstrap 
confidence intervals. Estimates without overlapping confidence intervals were considered 
significantly different. In addition to using adjusted casualty estimates differences in cut-in speed 
were examined by building a Poisson model to determine the relative difference in casualty 
rates based on cut-in speed. The magnitude of model coefficients represents the relative ratio of 
casualty rates between curtailed treatments and those with no cut-in speed adjustment. Tests 
for variable selection were used to assess the statistical significance of the cut-in speed 
covariates. The estimated time since death for each bat carcass found was evaluated to 
determine which curtailment condition the bat casualty occurred during. Carcasses of bats that 
were estimated to have died prior to the start of the fall casualty search survey were not 
included in the analysis along with carcasses where the length of time since death could not 
accurately be determined. 

Correlation Analyses 

Weather and Bat Casualty 
Weather data from casualty search turbines and a meteorological (met) tower were used to 
assess fall mortality rates at the FRWF in relation to weather variables (Table 3). Wind speed, 
wind direction, ambient temperature, and humidity were obtained from the anemometers on the 
met towers, while rotor speed, active power production, barometric pressure and additional wind 
speed data were collected at turbines.  These analyses are considered exploratory analyses 
since explicit hypotheses were not developed a priori. General hypotheses based on previous 
knowledge of bat fatalities at wind projects have suggested negative relationships between wind 
speed and bat fatalities, as well as factors related to passage of weather fronts (e.g. 
temperature, humidity and barometric pressure).  
 

t ̂
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Table 3. Descriptions of predictor variables used in the analyses for associations between 
weather characteristics and mortality 

Predictor Variable 
[abbreviation] Description 

Wind Speed (m/s) 
[mean.ws] Mean nightly wind speed; measured at and averaged across turbines and 

met towers 
[sd.ws] Standard deviation of the mean nightly wind speed across the 5 minute 

intervals 
Wind Direction 

[mean.wd] Mean nightly wind direction. 0 represents wind blowing toward the north ; 
measured at and averaged across met towers 

Ambient Temperature (ºc) 
[mean.at] Mean temperature measured at the met tower taken every 5 minutes for the 

entire 24 hour period before corresponding searches 
[sd.at] Standard deviation of the temperature for the 24 hour pervious previous to 

corresponding searches 
[mean.nat] Mean nightly temperature measured at the met tower taken every 5 minutes 

for the night previous to corresponding searches 
[sd.nat] Standard deviation of the nightly temperature for the night previous to 

corresponding searches 
Humidity 

[mean.hu] Mean humidity measured at the met tower taken; every 5 minutes for the 24 
hour period before corresponding searches 

[sd.hu] Standard deviation of the humidity for the 24 hour period previous to 
corresponding searches 

[mean.nhu] Mean nightly humidity measured at the met tower; taken every 5 minutes for 
the night previous to corresponding searches 

[sd.nhu] Standard deviation of the nightly humidity for the night previous to 
corresponding searches 

Rotor Speed (rpm) 
[mean.rs] Mean nightly rotor speed; measured at and averaged across turbines and 

the 5 minute intervals  

[sd.rs] Standard deviation of the mean nightly rotor speed across the 5 minute 
intervals 

Active Power 
[mean.ap] Mean active power generated nightly; measured at and averaged across 

turbines and the 5 minute intervals  
[sd.ap] Standard deviation of active power generated nightly across the 5 minute 

intervals 
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Table 3. Descriptions of predictor variables used in the analyses for associations between 
weather characteristics and mortality 

Predictor Variable 
[abbreviation] Description 

Barometric Pressure 
[mean.bp] Mean barometric pressure measured at the met tower; taken every 5 

minutes for the 24 hour period before corresponding searches 
[sd.bp] Standard deviation of the barometric pressure for the 24 hour period 

previous to corresponding searches 
[range.bp] Range of the barometric pressure measures taken 24 hours previous to 

corresponding searches; A negative value implies a drop in barometric 
pressure; Positive values corresponding with increases in barometric 
pressure 

[mean.nbp] Mean nightly barometric pressure measured at the met tower; taken every 5 
minutes for the night previous to corresponding searches 

[sd.nbp] Standard deviation of the barometric pressure for the night previous to 
corresponding searches 

[range.nbp] Range of the nightly barometric pressure measures; A negative value 
implies a drop in barometric pressure; Positive values corresponding with 
increases in barometric pressure 

 
Associations between turbine and weather characteristics and fresh bat casualties were 
investigated using Poisson modeling with the response variable being the count of fresh bat 
casualties found during each fall survey date with an offset term for the corresponding number 
of turbines searched. The fitted Poisson models all had log link and were of the form: 
 

                        
 
which related the behavior of the natural logarithm of the mean number of fresh bat mortalities 

per turbine, to a linear function of the set of predictor variables . The are the 
parameters that specify the nature of the relationship and  is a random error term. The 
statistical software R was used to fit all possible Poisson models with 8 or fewer explanatory 
variables. Akaike's information criterion (AIC) was used to determine the best fitting Poisson 
models. To avoid the negative effects of colinearity, variables with pairwise correlations  0.6 
were not allowed to be present in the models at the same time.  Residuals of selected models 
were plotted to determine goodness of fit. 

Quality Assurance/Quality Control 

Quality assurance and quality control (QA/QC) measures were implemented at all stages of the 
study, including in the field, during data entry and analysis, and report writing. Following field 
surveys, observers were responsible for inspecting data forms for completeness, accuracy, and 
legibility. A sample of records from an electronic database was compared to the raw data forms 
and any errors detected were corrected. Irregular codes or data suspected as questionable 
were discussed with the observer and/or project manager. Errors, omissions, or problems 
identified in later stages of analysis were traced back to the raw data forms, and appropriate 
changes in all steps were made. A Microsoft® ACCESS database was developed to store, 
organize, and retrieve survey data. Data were keyed into the electronic database using a pre-

1,..., px x 'j s
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defined format to facilitate subsequent QA/QC and data analysis. All data forms, field 
notebooks, and electronic data files were retained for reference. 

Bat Acoustic Surveys 

The objectives of the bat acoustic surveys included:  
 

1) Develop predictive models of bat use by species or species groups, based on 
weather variables; 
 

2) Determine if bat use rates by species or species group were related to bat casualty 
rates; 

 
3) Determine if the Anabat ultrasonic bat detector was an effective tool for predicting 

bat casualty rates; 
 
4) Determine periods of time during which minimization measures may be most 

effective; and 
 
5) Determine if relatively large amounts of Indiana bat activity occurred during spring 

and fall migration.  
 
Bat surveys were conducted utilizing passive sampling techniques at turbines and locations that 
were previously sampled in 2007, and surveys were also conducted utilizing active sampling 
within the general project area. Passive sampling occurred at the base of turbines during spring 
migration (Figure 5), and at the base and on top of nacelles of four turbines searched daily 
during the fall migration period, to explore relationships between bat pass rates, bat casualty 
rates, and weather variables (Figure 6). Monitoring at Anabat stations during the fall period 
began August 1 for stations located below turbines.  Monitoring on nacelle units began 17 days 
later on August 18 due to equipment malfunctions. Bat use was also monitored at locations that 
were sampled in 2007 from July 15 – October 15 in order to determine if bat pass rates were 
similar before and after construction of the FRWF (Figure 6). Additional active acoustic bat 
sampling was conducted during the migration periods in order to increase the probability of 
detecting Indiana bat calls if Indiana bats were present.  
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Figure 5. Study area map and Spring fixed Anabat sampling stations at the Fowler Ridge Wind 

Farm. 
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Figure 6. Study area map and Fall fixed Anabat sampling stations at the Fowler Ridge Wind Farm. 

Triangles depict locations that were monitored in 2007 and 2010. 
 

Bats were surveyed using Anabat™ II bat detectors (Titley Scientific™, Australia) coupled with 
Zero Crossing Analysis Interface Modules (ZCAIM; Titley Scientific™, Australia), as well as 
Anabat SD1 detectors.  
 
Anabat detectors record bat echolocation calls with a broadband microphone. The echolocation 
sounds are translated into frequencies audible to humans by dividing the frequencies by a 
predetermined ratio. A division ratio of 16 was used for the study. Bat echolocation detectors 
also detect other ultrasonic sounds, such as those sounds made by insects, raindrops hitting 
vegetation, and other sources. A sensitivity level of six was used to reduce interference from 
these other sources of ultrasonic noise. Calls were recorded to a compact flash memory card 
with large storage capacity. The detection range of Anabat detectors depends on a number of 
factors (e.g., echolocation call characteristics, microphone sensitivity, habitat, the orientation of 
the bat, atmospheric conditions; Limpens and McCracken 2004), but is generally less than 30 m 
(98 ft) due to atmospheric absorption (attenuation) on echolocation pulses (Fenton 1991). To 
ensure similar detection ranges among detectors, microphone sensitivities were calibrated using 
a BatChirp (Tony Messina, Las Vegas, Nevada) ultrasonic emitter as described in Larson and 
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Hayes (2000). All units were programmed to turn on each night approximately 30 minutes (min) 
before sunset and to turn off approximately 30 min after sunrise. 
 
To minimize the potential for water damage due to rain, Anabat detectors were placed inside 
plastic weather-tight containers that had a hole cut in the side through which the microphone 
extended. The microphones were encased in poly-vinyl chloride (PVC) tubing that curved 
skyward at 45 degrees outside the container, and holes were drilled in the PVC tubing. 
Detectors protected in this manner have been found to detect similar numbers and quality of bat 
calls as detectors exposed to the environment, and to record twice as many species as 
detectors protected with Bat-Hat weatherproof housing (Britzke et al. 2010). Containers placed 
at the base of turbines were raised approximately 0.5 m (1.7 ft) off the ground to minimize echo 
interference and lift the unit above vegetation (Figure 7). Containers were also placed on 
nacelles, approximately 80 m (262 ft) above the ground (Figure 8). Anabat units on nacelles 
were connected to a GETMYLOG.com global data repository system (GML) and data were 
downloaded remotely. 
 

 
Figure 7. Anabat unit placed at the base of a turbine at the Fowler Ridge Wind Farm. 
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Figure 8. Anabat unit mounted on the nacelle of a wind turbine at the Fowler Ridge Wind Farm. 

Acoustic Surveys for Indiana Bats 

Active Anabat surveys were conducted twice per week during the spring and fall. Surveys were 
conducted on relatively warm and calm nights, which focused survey efforts when bat activity 
was expected to be highest. The objective of the surveys was to provide additional information 
for understanding the extent of Indiana bat migration through the FRWF. Active surveys were 
conducted by driving east-west transects along county roads across the study area and 
recording bat calls utilizing Anabat technology. During each survey night, biologists stopped for 
5 – 10 minutes and recorded bat calls at areas expected to attract bats, such as water sources, 
shelterbelts, and woodlots. Surveys were conducted for a total of at least five hours each survey 
night with surveys starting at sunset and ending five hours after sunset, the period when bat 
activity was expected to be highest. All bat passes were identified to species or species group, 
and potential calls made by Indiana bats were identified using methods described below. 

Statistical Analysis 

Bat Acoustic Surveys 

Bat activity was measured by counting the number of bat passes (Hayes 1997), which was 
defined as a continuous series of two or more call notes (pulses) produced by an individual bat 
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with no pauses between call notes of more than one second (White and Gehrt 2001, Gannon et 
al. 2003). The number of bat passes was determined by downloading the data files to a 
computer and tallying the number of echolocation passes recorded. Total number of passes 
was corrected for effort by dividing by the number of detector-nights. One detector collecting 
data for one night was a detector-night. 
 
For each station, bat calls were sorted into three groups, based on their minimum frequency, 
that correspond roughly to species groups of interest. For example, most species of Myotis bats 
and the tri-colored bat (Perimyotis subflavus) echolocate at frequencies above 40 kilohertz 
(kHz), whereas species such as the eastern red bat (Lasiurus borealis) typically have 
echolocation calls that fall between 30 kHz and 40 kHz. Species such as big brown (Eptesicus 

fuscus), silver-haired (Lasionycteris noctivagans), and hoary bat (Lasiurus cinereus) have 
echolocation frequencies that fall at or below 25 kHz. Therefore, we classified calls as being 
given by high-frequency (HF; > 40 kHz), mid-frequency (MF; 30 kHz - 40 kHz), or low-frequency 
(LF; < 30 kHz) species. Although eastern red bat calls typically occur in the MF category, 
eastern red bat calls are variable, and may also occur within the HF category. To establish 
which species may have produced passes in each category, a list of species expected to occur 
in the study area was compiled from range maps (Table 4; Harvey et al. 1999, BCI 2011). Data 
determined to be noise (produced by a source other than a bat) or call notes that did not meet 
the pre-specified criteria to be termed a pass were removed from the analysis. 
 
Table 4. Bat species with ranges that overlap with the Fowler Ridge Wind Farm, sorted by call 

frequency (Harveyet al. 1999, BCI 2011). 
Common Name Scientific Name 
High-frequency (> 40 kHz)  

little brown bat3 Myotis lucifugus 
northern long-eared bat3 Myotis septentrionalis 
Indiana bat*, 3 Myotis sodalis 
tri-colored bat (formerly eastern pipistrelle) 2,3 Perimyotis subflavus (Pipistrellus subflavus) 

Mid-frequency (30-40 kHz)  
eastern red bat1,3 Lasiurus borealis 
evening bat2,3 Nycticeius humeralis 

Low-frequency (< 30 kHz)  
big brown bat3 Eptesicus fuscus 
silver-haired bat1,3 Lasionycteris noctivagans 
hoary bat1,3 Lasiurus cinereus 

1 = long-distance migrant 
2 = species distribution on edge or just outside project area 
3 = known casualty from wind turbines 
*= Federally listed endangered species 

 
All high-frequency (above 40 kilohertz (kHz)) bat calls were examined to determine if they were 
potentially made by Indiana bats. In order to identify calls potentially made by Indiana bat, call 
characteristics were entered into a Discriminant Function (DF) Model designed to statistically 
classify unknown echolocation calls based on comparison to a set of known echolocation calls. 
DF models have been used by other researchers to classify bat calls to species, including the 
Indiana bat (Britzke et al. 2002, Robbins et al. 2008, Wolf et al. 2009).  
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The DF Model has been developed based on a library of 663 known bat call files from 11 
species that occur in the Midwest, including 93 known Indiana bat call files (Murray et al. 2001). 
The correct classification rate for Indiana bats based on this initial model is approximately 90%. 
A detailed description of the model assumptions, parameters, and classification rates can be 
found in Appendix B.  
 
While the DF model is a useful tool, the potential exists for “false positive” and “false negative” 
results to occur. In order to increase confidence in call identifications, any calls potentially 
identified as made by Indiana bat by the DF model were: 1) analyzed utilizing the “Britzke” filter, 
and 2) identified to species or species group (e.g. Myotis) based on comparison of qualitative 
call characteristics to a known call library (Murrayet al. 2001, O‟Farrell et al. 1999, Yates and 
Muzika 2006). Call characteristics such as minimum frequency, slope, and structure were used 
to identify calls. Calls were considered to be made by Indiana bats if they were positively 
identified by all of the three methods. 
 
Bat Acoustical Activity and Casualties 
Acoustical bat activity (number of bat passes per detector night) taken from Anabat units located 
at the base and on nacelles of selected turbines was also investigated in relation to observed 
casualty rates at FRWF through the use of graphical methods, linear regression lines, and 
Pearson‟s correlation coefficients. Correlations between activity at ground and nacelle detectors 
and casualties were restricted to dates past the night of August 18, 2010 when nacelle units 
were in place. Acoustic activity rates for ground and combined ground and nacelle activity rates 
from the beginning of fall surveys (August 1, 2010) were also included with weather variables in 
the Poisson modeling process and a similar process was used to determine the effectiveness of 
predicting observed casualty rates by ground and/or nacelle Anabat detectors. Only bat fatalities 
occurring at turbines with no cut-in speed adjustments were used in these analyses.  

RESULTS 

The following sections contain the results of studies conducted under permit TE15075A. Per the 
requirements of this permit, information regarding the date, time, and locations of bats 
encountered (Appendices C and D), locations where no bats were encountered (Appendix E), 
detailed information in nightly operating parameters of each turbine searched and which 
specimens were salvaged at each turbine (Appendix E), and nightly wind speeds and weather 
(Appendix F).  Other information required under permit TE15075A can be found below.  

Bat Fatalities 

A total of 3,871 plot surveys were conducted during 110 visits to the study area at the 36 daily 
search turbines, with an additional 1,618 surveys being conducted during 17 visits to the facility 
at the 100 turbines selected for road and pad surveys. A total of 809 bat carcasses were found, 
of which 556 bats were found during regularly scheduled searches, with an additional 25 bats 
being found incidentally at turbine search plots. The remaining 228 bat carcasses were found 
outside of the study period during clearing searches or not on scheduled search turbines and 
were not included in the casualty estimates (Table 5).  
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Table 5. Total number of bat carcasses and percent composition of carcasses discovered at the 

Fowler Ridge Wind Farm from April 13 – May 15, 2010 and July 30 – October 15, 2010. 

Species Scientific Name 

Scheduled 
Search 

Fatalities 

Incidental 
Fatalities 

During the 
Study1 

Other 
Incidental 
Fatalities2  

Total 
Fatalities 

% 
Comp. 

eastern red bat Lasiurus borealis 353 15 147 515 63.66 
hoary bat Lasiurus cinereus 84 7 55 146 18.05 
silver-haired bat Lasionycteris noctivagans 98 0 13 111 13.72 
big brown bat Eptesicus fuscus 16 3 12 31 3.83 
tri-colored bat Perimyotis subflavus 2 0 1 3 0.37 
Indiana bat Myotis sodalis 1 0 0 1 0.12 
little brown bat Myotis lucifugus 2 0 0 2 0.25 
Overall 7 species 556 25 228 809 100 
1 Bat carcasses found that were estimated to have been killed during the course of the study, and were found within 

search plot boundaries, but were not found during scheduled carcass searches 
2 Bat carcasses found that were estimated to have been killed prior to the start of the study, or carcasses that were 

found outside of plot boundaries. 

Species Composition 

The most commonly found bat species was eastern red bat (515 fatalities, 63.66% of fatalities), 
followed by hoary bat (146 fatalities, 18.05%), silver haired bat (111 fatalities, 13.72%), and big 
brown bat (31 fatalities, 3.83%). Three tri-colored bats, two little brown bats, and one Indiana 
bat carcass were also found (Table 5). More male than female bat carcasses were found during 
2010 casualty searches (Table 6).  
 
Relative species composition varied between the spring and fall seasons.  Silver-haired bats 
were the most commonly found species in the spring, while eastern red bats were the most 
common casualty in the fall (Table 7). 
 

Table 6. Gender composition by species found during 2010 carcass searches at the Fowler Ridge 
Wind Farm. 

Species Scientific Name Gender 
Number of 
Individuals 

% 
Total 

% 
Comp. 

big brown bat Eptesicus fuscus Female 7 0.9 22.6 
big brown bat  Male 11 1.4 35.5 
big brown bat  Unknown 13 1.6 41.9 
Total     31 3.8 100 
eastern red bat Lasiurus borealis Female 102 12.6 19.8 
eastern red bat  Male 141 17.4 27.4 
eastern red bat  Unknown 272 33.6 52.8 
Total     515 63.7 100 
hoary bat Lasiurus cinereus Female 32 4.0 21.9 
hoary bat  Male 40 4.9 27.4 
hoary bat  Unknown 74 9.1 50.7 
Total     146 18.0 100 
Indiana bat Myotis sodalis Female 1 0.1 100 
Indiana bat  Male 0 0 0 
Indiana bat  Unknown 0 0 0 
Total     1 0.1 100 
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Table 6. Gender composition by species found during 2010 carcass searches at the Fowler Ridge 
Wind Farm. 

Species Scientific Name Gender 
Number of 
Individuals 

% 
Total 

% 
Comp. 

little brown bat Myotis lucifugus Female 0 0 0 
little brown bat  Male 0 0 0 
little brown bat  Unknown 2 0.2 100 
Total     2 0.2 100 
silver-haired bat Lasionycteris noctivagans Female 28 3.5 25.2 
silver-haired bat  Male 46 5.7 41.4 
silver-haired bat  Unknown 37 4.6 33.3 
Total     111 13.7 100 
tri-colored bat Perimyotis subflavus Female 1 0.1 33.3 
tri-colored bat  Male 0 0 0 
tri-colored bat  Unknown 2 0.2 66.7 
Total     3 0.4 100 
Overall   809 100  
 
 
Table 7. Composition of species by season for all bat carcasses found or reported at the Fowler 

Ridge Wind Farm. 
Species  Spring Fall Overall 
eastern red bat Lasiurus borealis 15 500 515 
hoary bat Lasiurus cinereus 2 144 146 
silver-haired bat Lasionycteris noctivagans 18 93 111 
big brown bat Eptesicus fuscus 1 30 31 
tri-colored bat Perimyotis subflavus 0 3 3 
little brown bat Myotis lucifugus 0 2 2 
Indiana bat Myotis sodalis 0 1 1 
Total  36 773 809 
 
Eastern red bats comprised a higher percentage of the bat fatalities in 2010 compared to data 
from 2009 at Phase I (63.7% vs. 35.9%). Hoary bats and silver-haired bats comprised a lower 
percentage of the bat fatalities in 2010 (18.05% and 13.72%) compared to 2009 (30.8% and 
26.9%, respectively; Johnson et al. 2010a).  
 
A total of 60 birds were also discovered during carcass searches in 2010 (Table 8). No bird 
species listed as threatened or endangered under the state of Indiana (INHDC 2010) or federal 
endangered species acts (ESA 1973, USFWS 2011) were found. 
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Table 8. Total number of bird carcasses found at the Fowler Ridge Wind Farm from April 13 – 
May 15, 2010 and July 30 – October 15, 2010. 

Species Scientific Name 
Total Bird 
Carcasses 

% 
Composition 

killdeer Charadrius vociferus 9 15.0 
European starling Sturnus vulgaris 5 8.3 
golden-crowned kinglet Regulus satrapa 5 8.3 
unidentified bird   5 8.3 
cliff swallow Petrochelidon pyrrhonota 3 5.0 
mourning dove Zenaida macroura 3 5.0 
red-tailed hawk Buteo jamaicensis 3 5.0 
American redstart Setophaga ruticilla 2 3.3 
chimney swift Chaetura pelagica 2 3.3 
common yellowthroat Geothlypis trichas 2 3.3 
horned lark Eremophila alpestris 2 3.3 
Nashville warbler Vermivora ruficapilla 2 3.3 
ruby-crowned kinglet Regulus calendula 2 3.3 
Tennessee warbler Vermivora peregrina 2 3.3 
unidentified dove   2 3.3 
unidentified passerine   2 3.3 
house sparrow Passer domesticus 1 1.7 
red-eyed vireo Vireo olivaceus 1 1.7 
rough-legged hawk Buteo lagopus 1 1.7 
ring-necked pheasant Phasianus colchicus 1 1.7 
rock pigeon Columba livia 1 1.7 
ruby-throated hummingbird Archilochus colubris 1 1.7 
red-winged blackbird Agelaius phoeniceus 1 1.7 
unidentified kinglet   1 1.7 
yellow-throated vireo Vireo flavifrons 1 1.7 
Overall   60 100 

Estimated Time since Death 

Most of the bat casualties (64.92%) found during daily casualty searches were estimated to 
have been killed the previous night, 22.65% were estimated to have been killed 2-3 days prior to 
discovery, and 8.01% were estimated to be 4-7 days old (Table 9). The remaining 4.4% of bat 
fatalities found during daily searches were estimated to be greater than seven days old. 
 
Table 9. Estimated time since death for bat casualties found at the Fowler Ridge Wind Farm from 

April 13 – October 15, 2010. 
Estimated Time  

Since Death 
Percentage during Daily 

Searches 
Percentage during Weekly 

Searches 
previous night 64.92 30.52 

2-3 days 22.65 32.86 
4-7 days 8.01 30.52 
7-14 days 3.04 1.88 
>2 weeks 0.83 0.47 
>month 0.28 0 

unknown 0.28 3.76 
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Timing of Bat Fatalities 

Bat casualties occurred throughout the study period (Figure 9) with the majority being found 
during the month of August. Similarly, most bat fatalities recorded at FRWF during 2009 were 
recorded between August 1 – September 15 (Johnson et al. 2010b). 
 

 
One Indiana bat casualty was recorded during the study on September 18, 2010. The only other 
Indiana bat found as a casualty at FRWF was recorded on September 11, 2009 (Johnson et al. 
2010b). The Indiana bat casualty occurred later than the five other Myotis or Perimyotis 
casualties at the FRWF in 2010; the four other Myotis or  Perimyotis were found on 7/31, 8/20, 
8/22, and 8/26. Similarly, in 2009 the single Indiana bat casualty was found later than other 
Myotis casualties; the four other Myotis or Perimyotis casualties in 2009 were found on 5/5, 
8/22, 8/25, and 8/27. The later date, and consistency between years, associated with the two 
Indiana bat casualties support the premise that the two Indiana bats found as casualties at the 
FRWF were fall migrants. 

Locations of Bat Casualties 

The 80 x 80 m plot size was chosen based on the distances bats were found from turbines 
during previous studies of the FRWF, when approximately 88% of all bat fatalities were found 

 
Figure 9. Timing of bat mortality at the Fowler Ridge Wind Farm from April 13 – May 15, 2010 and 

July 30 – October 15, 2010. 
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within 40 m of turbine locations (Johnson et al. 2010b). The vast majority of fatalities at the daily 
search turbines (89.29%) were found <30 m from a turbine, while 94.67% of fatalities at roads 
and pads were found <30 m from a turbine (Table 10, Figure 10).  
 
Table 10. Distribution of distances of bat casualties from turbines at the Fowler Ridge Wind Farm 

from August 1 – October 1, 2010.  

Distance to Turbine (m) 
% Bat Casualties 

On Roads and Pads 
% Bat Casualties 
Search Turbines 

% Bat Casualties 
Incidentals 

0 – 10 46.67 11.39 71.01 
11 – 20 20.67 20.73 8.70 
21 – 30 15.67 33.03 11.59 
31 – 40 11.67 24.15 5.80 

>40 5.33 10.71 2.90 
 
 

 
Figure 10. Distance from turbine for all bat casualties found at the Fowler Ridge Wind Farm. 
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The two turbines with the highest number of recorded bat fatalities were turbines 459 (33) and 
628 (31). Both turbines were within the control group (i.e. no cut-in speed adjustments were 
made to either turbine throughout the study). The next highest total found at a turbine was 21, 
found at a turbine included in the curtailment experiment (turbine 640). The number of bat 
casualties found at other turbines and search plots ranged from zero to 18. 
 
A visual examination of the number of bats found by turbine suggested that a relationship exists 
between geographic location and number of bat casualties, with a general trend of more bat 
casualties found in the central portion of the project (Figure 11). Trends in geographic location 
correspond to turbine models in those areas.  In general, weekly observed casualty rates were 
higher for Clipper C96 turbines than for Vestas V82 turbines with both types of turbines having 
higher observed casualty rates than General Electric SLE turbines (Figure 12).  
 

 
Figure 11. Number of bat casualties found at road and pad searches within the Fowler Ridge Wind 

Farm in 2010. 
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Figure 12. Fall weekly observed casualty rates at the Fowler Ridge Wind Farm by turbine model 

with Poisson regression lines based on model parameter estimates for the variable week.  
 
The relationship between bat fatality rates at weekly road and pad only searches and proximity 
to potential bat habitat and other features was also investigated. Observed fatality counts by 
turbine were included in a Poisson model and analyzed against turbine type with covariates for 
the nearest water source (distWater), the nearest woodlot/shelterbelt (distance to forest), and 
the percent of area within 400 meters of turbines in a given crop type (pcCORN, pcSOY, 
pcOTHER). Week was also included in the model to account for temporal variation of observed 
fatality counts. An exhaustive variable selection process was conducted and all models 
contained significant variables for week and turbine type. All other covariates included in 
modeling were not significant after having adjusted for week and turbine type.  
 

Model A 
                                                                           

 
Poisson regression coefficients suggest there were 1.59 times more fatalities at Clipper turbines 
than at VESTAS turbines and 4.41 times more than at GE turbines (Model A).  Corresponding 
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90% confidence intervals for the multiplicative increase in fatality counts of Clipper turbines in 
relation to VESTAS (1.2, 2.1) and GE (3.1, 6.42) suggest that the effect of turbine type is 
significantly different from one even after adjusting for all other coefficients in the model. The 
observed fatality rates at different turbine types also follows differences in rotor diameter, with 
Clipper turbines having the largest rotor diameter, followed by Vestas and GE. The nacelle 
height of all three turbine types was 80 m. 
 
Very few Myotis or Perimyotis were found as casualties at the FRWF, making it difficult to 
determine if any geographic patterns existed. While most Myotis and Perimyotis carcasses were 
found within Phase I, carcasses were found at all three turbine types, and Phase I covers a 
relatively large portion of the overall FRWF (Figure 13).  Habitat characteristics were also similar 
when comparing between phases (Figure 14). Myotis and Perimyotis carcasses were found at 
varying distances from water and forested areas, and no clear patterns of carcass location in 
relation to land cover or habitat characteristics were apparent (Table 11). 
 

 
Figure 13. Locations of 2010 Myotis/Perimyotis carcasses and the 2009 Indiana bat carcass found 

at the Fowler Ridge Wind Farm. 
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Figure 14. Box plots illustrating the similarity in habitat characteristics associated with turbines 

searched, by phase, at the Fowler Ridge Wind Farm during 2010. 
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Table 11. Turbine locations of 2010 Myotis/Perimyotis carcasses and the 2009 Indiana bat carcass found at the Fowler Ridge Wind Farm. 

Date Species Age Sex Turbine Model Phase Treatment 
Estimated  
Time of Death 

Distance to  
Water (m) 

Distance to 
Forest (m) 

9/11/2009 Indiana bat A F 230 Vestas I NA 2 to 3 days 180 598 
8/7/2010 little brown bat U U 622 Clipper I Road & Pad 4 to 7 days 449 2000 

7 /31/2010 tri-colored bat U U 339 Vestas I Road & Pad 2 to 3 days 150 2340 
8 /20/2010 tri-colored bat U U 254 Vestas I Road & Pad 2 to 3 days 205 150 
8 /22/2010 little brown bat A U 14 GE II Road & Pad 4 to 7 days 126 177 
8 /26/2010 tri-colored bat J F 603 Clipper I 5 m/s Last Night 164 600 
9 /18/2010 Indiana bat A F 640 Clipper I 5 m/s Last Night 45 45 
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Searcher Efficiency Trials 

Searcher efficiency trials were conducted throughout the study period at both daily search 
turbines and the weekly turbine road and pad searches. A total of 192 carcasses were placed at 
daily search turbines, of which 55 were both available and found (31.79% efficiency) during the 
next search day. A total of 125 carcasses were placed at the weekly turbine road and pad plots, 
of which 77 were both available and found on the next search day (84.62% searcher efficiency; 
Table 12). 
 
Table 12. Single day searcher efficiency results at the Fowler Ridge Wind Farm.  
Plot Type Placed Available Found Percent Found 
Plot 192 173 55 31.79 
Road & Pad Only 125 91 77 84.62 

Carcass Removal Trials 

A total of 233 fresh bat carcasses and 53 mice were placed during carcass removal trials 
throughout the study period. Carcass removal trials for bats showed that by Day 3, 
approximately 50% of the bats remained, by Day 7, approximately 35% remained, and by Day 
14, approximately 20% of the bats remained (Figure 15). The mean length of stay before 
removal or decomposition was 10.34 days.  
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Figure 15. Removal rates for bats during carcass removal trials at the Fowler Ridge Wind Farm. 

Empirical Estimate of the Probability of Carcass Availability and Detection 

A total of 222 trial carcasses were used in calculating an empirical estimate of the probability of 
availability and detected. These carcasses were allowed to remain where placed for up to 28 
days and the date when searchers found the carcasses was noted. Carcasses placed 10 days 
prior to survey completion were not included in these estimates due to insufficient time for 
predation to occur.  This was based on the average carcass removal rate of 10.34 days.  
 
Of the 222 carcasses placed 77 were placed on turbines where only the road and pad was 
searched and 145 were placed on turbines where cleared plots were searched.  The empirical 
estimate for the probability of available and detected on weekly road/pad searches was 0.51 
and 0.58 for cleared plot turbines respectively (Table 13). 
 

Table 13. Empirical estimates for the probability of available and detected at the Fowler 
Ridge Wind Farm.  

Plot Type Placed Found Proportion Ever Found 
Plot 145 84 0.58 
Road & Pad Only 77 39 0.51 
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Adjusted Casualty Estimates 

While searches at cleared plots encompassed an area where at least 88% of bat carcasses 
were expected to fall, searches at roads and pads occurred within only a portion of the area 
where a bat carcass could fall. Thus an adjustment factor was needed in order to calculate valid 
casualty estimates for searches on roads and pads. A double sampling approach (Thompson 
2002) was used to calculate this adjustment. The locations of casualties found within cleared 
plots were marked as being on or off roads and pads. The double sampling approach utilized 
the ratio of total bats found at cleared plot turbines to the number of bats found on roads and 
pads of cleared plots (5.10; Table 14) as an adjustment factor for casualty estimates at road and 
pad only plots. Only bats found during the fall were used for this calculation, because roads and 
pads were not constructed and present at all search turbines during the spring. 
 
We also examined the proportions of bats, by species, that fell within cleared plots versus roads 
and pads, to determine if bat species fell at similar distances from turbines. Differences were 
analyzed using a chi-square test for proportions which tests whether the ratios observed by 
species are significantly different from each other. Results did not indicate that the distance or 
location where bats fell varied between eastern red bats, hoary bats, and silver-haired bats. 
Sample sizes were too small to investigate if differences existed for other bat species. An 
overall area adjustment value of 5.10 was used based on no significant difference in bat 
casualty distribution by species (chisq=1.38, df=5, p-value=0.93; Table 14).  
 

Table 14. Search area adjustment for road and pad only searches by species at the Fowler 
Ridge Wind Farm. 

Species 
On Road/Pad of 

Cleared Plot 
Total  

Cleared Plot Adjustment 
big brown bat 1 8 8.00 
eastern red bat 40 215 5.38 
hoary bat 13 53 4.08 
Indiana bat 0 1 -- 
little brown bat 0 0 -- 
silver haired bat 13 64 4.92 
tri-colored bat 0 1 -- 
Overall 67 342 5.10 
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The 80 X 80 m cleared plots were established to ensure all areas within 40 m of a turbine were 
searched. The corners of each plot were 57 m (187 ft) away from the turbine. The search area 
covered (6,400 m2;68,889 ft2)  on each plot and was equivalent to searching a circle with a 
radius of 45 m (484 ft). Johnson et al. (2010b) found approximately 88% of bat fatalities within 
40 m of turbine locations, thus no search area adjustment factor was used for cleared plot 
searches. Average search intervals (1.02 days for daily searches and 7.45 days for weekly 
searches) were calculated for weekly road and pad searches (Table 15).   
 
Based on searcher efficiency and the carcass removal rates at the site, the Shoenfeld estimated 
average probability that a bat casualty would remain in the plot until a scheduled search and 
would be found was 79% for daily searches (both spring and fall), 65% for spring weekly 
searches and 68% for fall weekly searches (Table 16). The estimated number of bat fatalities 
per turbine (based on Shoenfeld‟s pi estimates) was 0.91 for daily search plots and 0.43 for 
weekly search plots during the spring season. These estimates increased during the fall season, 
with 17.69 bat fatalities per turbine per season at daily search turbines and 15.73 bats per 
turbine per season at weekly search turbines (Table 16).  
 
Based on Shoenfeld estimates for the probability of carcass availability and detected the 
estimated number of bat fatalities per turbine per season was 0.586 during the spring and 
16.830 during the fall with an overall adjusted casualty estimate for bat of 16.59 bats per turbine 
per study period (Table 16). The 2010 Shoenfeld overall bat casualty estimate for the FRWF 
was slightly higher than the 2009 estimate for Phase I (15.03 bats / turbine in 2009; see 
Johnson et al. 2010b).  
 
Empirical estimates for the probability of carcass availability and detected were lower than 
Shoenfeld estimates resulting in higher adjusted casualty rates. Seasonal adjusted casualty 
estimates based on the empirical probability of available and detected were 0.74 bats per 
turbine in the spring and 21.45 bats per turbine in the fall with an overall adjusted casualty 
estimate of 22.20 bats per turbine per study period (Table 17). 
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Table 15. Bootstrap point estimates (mean) and lower (ll) and upper (ul) of 90% confidence intervals for bat observed casualty rates at 

the Fowler Ridge Wind Farm. 
 Spring Estimates Fall Estimates 

 

Daily 
80x80m Plot 

Searches 

Weekly 
Road & Pad 

Searches 

Daily Control 
80x80m Plot 

Searches 

Daily 5.0 m/s 
Cut-in 80x80m  
Plot Searches 

Daily 6.5 m/s Cut-in 
80x80m 

Plot Searches 

Weekly 
Road & Pad 

Searches 
  90% CI  90% CI  90% CI  90% CI  90% CI  90% CI 
 mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul 
Search Area Adjustment 

Bats 1.00 -- -- 5.10 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 5.10 -- -- 
Average Search Interval 

Bats 1.02 -- -- 7.45 -- -- 1.03 -- -- 1.03 -- -- 1.03 -- -- 6.76 -- -- 
Observer Detection 

Bats 0.32 0.26 0.38 0.85 0.80 0.89 0.32 0.26 0.38 0.32 0.26 0.38 0.32 0.26 0.38 0.85 0.80 0.89 
Average Removal Time 

Bats 10.34 8.69 12.18 10.34 8.69 12.18 10.34 8.69 12.18 10.34 8.69 12.18 10.34 8.69 12.18 10.34 8.69 12.18 
Observed Casualty Rates (fatalities/turbine/season) 

Bats 0.72 0.47 1.00 0.05 0.02 0.10 14.00 11.56 16.50 7.00 5.11 9.11 3.00 1.78 4.22 2.08 1.75 2.42 
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Table 16. Bootstrap point estimates (mean) and lower (ll) and upper (ul) of 90% confidence intervals for bat casualty rate estimates 

using the Shoenfeld estimator for the probability a carcass is available and detected at the Fowler Ridge Wind Farm. 
 Spring Estimates Fall Estimates 

 

Daily 
80x80m Plot 

Searches 

Weekly 
Road & Pad 

Searches 

Daily Control 
80x80m Plot 

Searches 

Daily 5.0 m/s 
Cut-in 80x80m  
Plot Searches 

Daily 6.5 m/s Cut-in 
80x80m 

Plot Searches 

Weekly 
Road & Pad 

Searches 
  90% CI  90% CI  90% CI  90% CI  90% CI  90% CI 
 mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul 
Average Probability of Carcass Availability and Detected (Shoenfeld) 

Bats 0.79 0.74 0.83 0.65 0.61 0.70 0.79 0.74 0.83 0.79 0.74 0.83 0.79 0.74 0.83 0.68 0.63 0.83 
Adjusted Casualty Estimates (fatalities/turbine/search type/season) 

Bats 0.91 0.60 1.27 0.43 0.16 0.77 17.69 14.62 21.30 8.84 6.32 11.51 3.79 2.27 5.50 15.73 13.34 18.43 
Seasonal Adjusted Casualty Estimate (fatalities/turbine/season) 

  90% Confidence Interval   90% Confidence Interval 
 mean lower limit upper limit  mean lower limit upper limit 

Bats 0.56 0.32 0.82  16.03 13.95 18.33  
Overall Adjusted Casualty Estimates 

  90% Confidence Interval 
 mean lower limit upper limit 

Bats 16.59 14.36 18.92 
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Table 17. Bootstrap point estimates (mean) and lower (ll) and upper (ul) of 90% confidence intervals for bat casualty rate estimates 

using an empirical estimate for the probability a carcass is available and detected at the Fowler Ridge Wind Farm. 
 Spring Estimates Fall Estimates 

 

Daily  
80x80m Plot 

Searches 

Weekly  
Road & Pad 

Searches 
Daily Control 80x80m 

Plot Searches 

Daily 5.0 m/s  
ut-in 80x80m Plot 

Searches 
Daily 6.5 m/s Cut-in 

80x80m Plot Searches 
Weekly  

Road & Pad Searches 
  90% CI  90% CI  90% CI  90% CI  90% CI  90% CI 
 mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul 
Average Probability of Carcass Availability and Detected (multiple search p) 

Bats 0.58 0.51 0.65 0.51 0.40 0.60 0.58 0.51 0.65 0.58 0.51 0.65 0.58 0.51 0.65 0.51 0.40 0.60 
Adjusted Casualty Estimates (fatalities/turbine/search type/season) 

Bats 1.25 0.82 1.74 0.55 0.21 1.07 24.17 19.50 30.02 12.08 8.63 16.11 5.18 3.12 7.53 20.96 17.52 28.78 
Seasonal Adjusted Casualty Estimate (fatalities/turbine/season) 
  90% Confidence Interval  90% Confidence Interval 
 mean lower limit upper limit mean lower limit upper limit 

Bats 0.74 0.44 1.14 21.45 18.50 28.34 
Overall Adjusted Casualty Estimates 
  90% Confidence Interval 
 mean lower limit upper limit 

Bats 22.20 19.32 29.17 
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Effects of Raising Turbine Cut-In Speeds on Bat Casualty 

Estimated time of death data were used to determine the curtailment condition that the casualty 
most likely occurred during. Two hundred fifty-two bat carcasses were determined to have 
occurred at turbines while under normal operational cut-in speeds of 3.5 m/s (control) 
throughout fall casualty searches. This compares to 63 dead bats found at turbines with cut-in 
speeds raised to 5.0 m/s and 27 dead bats found at turbines with cut-in speeds raised to 6.5 
m/s (Table 18). This resulted in observed casualty rates and corresponding 90% bootstrap 
confidence intervals of 14.0 (11.6 - 16.5), 7.0 (7.0 - 9.1), and 3.0 (1.8 - 4.2) bats/turbine/season 
for control, 5.0 m/s, and 6.5 m/s treatment conditions respectively (Table 15). Non-overlapping 
confidence intervals for observed casualty rates under each cut-in speed condition indicate a 
significant difference between treatments. An approximate 50% reduction in overall bat mortality 
was realized by raising the cut-in speed by 1.5 m/s (from 3.5 m/s to 5.0 m/s).  An approximate 
78% reduction in overall bat mortality was realized by raising the cut-in speed by 3.0 m/s (from 
3.5 m/s to 6.5 m/s).   
 

Table 18. Distribution of bat casualties by turbine cut-in speed at the Fowler Ridge Wind Farm. 
Species Control Count 5.0 m/s Count 6.5 m/s Count Total 
big brown bat 7 1 0 8 
eastern red bat 168 32 15 245 
hoary bat 34 12 7 53 
Indiana bat 0 1 0 1 
silver-haired bat 43 16 5 64 
tri-colored bat 0 1 0 1 
Overall 252 63 27 342 

 
Poisson modeling of observed casualty rates resulted in significant cut-in speed covariates and 
week effect covariate. Although blocking by week can potentially eliminate temporal effects, a 
definite trend was observed by week and therefore week was left as a fixed effect in the model 
to account for this variation. The parameter estimate for the 5.0 m/s cut-in speed was -0.69, 
which corresponds to a 0.5 = exp(-0.69) incident rate ratio (i.e. the ratio of the casualty rate 
occurring at turbines with cut in speeds of 5.0 m/s to the casualty rate occurring at turbines with 
cut in speeds of 3.5 m/s) confirming a 50.0% reduction in casualty rates when turbines have a 
cut-in speed of 5.0 m/s having adjusted for all other model variables. The corresponding 90% 
confidence interval for the 5.0 m/s incident rate ratio implies a reduction in casualty rates of 
between 37.3% and 60.6%.The parameter estimates for the 6.5 m/s cut in speed treatment 
were also significant with a value of -1.54 which corresponds to a 0.2 incident rate ratio. This 
implies a reduction of 78.6% in casualty rate for turbines curtailed below wind speeds of 6.5 m/s 
with a 90% confidence interval of 70.5% to 84.9%.   Non-overlapping confidence intervals 
between cut-in speeds of 5.0 m/s and 6.5 m/s suggests a significant difference in casualty rates 
between these treatments. The incident rate ratio between treatment types Is 0.4 which 
corresponds to a 57.3% reduction in fatalities at 6.5 m/s cut-in speeds when compared to 5.0 
m/s cut-in speeds. A visual of model fit and interpolation is shown in Figure 16.  
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Figure 16. Weekly observed casualty rate at the Fowler Ridge Wind Farm by week with Poisson 

regression lines based on model parameter estimates for cut-in speed adjustments. 
 
Based on weather data collected at casualty search turbines and an on-site meteorological 
tower during fall surveys at FRWF, the average nightly wind speed (between 7:00 pm and 7:00 
am) at the FRWF was 5.70 m/s (18.69 ft/s) during the study period. Nightly wind speeds at the 
FRWF were below 5.0 m/s approximately 43.4% of the time, and were below 6.5 m/s 
approximately 63.7% of the time (Table 19). It is impossible to know exactly when each bat 
casualty occurred during a night, so it cannot be determined whether the cut-in speed 
restrictions were active at a particular turbine when the casualty occurred. However, the 
turbines were estimated to be operating approximately 21.6% less at the 5.0 m/s and 42.1% 
less at the 6.5 m/s treatments than turbines that were fully operational. 
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Table 19. Percentage of time the wind speed at the Fowler Ridge Wind Farm is below the given 
wind speed. Wind speed is based on the average of winds speeds collected at casualty 
search turbines and one on-site meteorological tower. 

Wind Speed (m/s) Percentage of Time Below 
3.5 21.6 
4.0 28.9 
4.5 36.2 
5.0 43.3 
5.5 50.6 
6.0 57.4 
6.5 63.7 

 
The Indiana bat carcass found in 2010 appeared to be fresh, and was likely killed the night 
before the date of discovery. The turbine had a cut-in speed adjustment of 5.0 m/s the night the 
bat was thought to be killed. Although the turbine was under a cut-in speed adjustment, wind 
speeds during the night of the casualty were over 5.0 m/s for much of the evening (Figure 17); 
thus the turbine was likely operating at wind speeds greater than 5.0 m/s when the Indiana bat 
casualty occurred.  
 

 
Figure 17. Wind speeds during the evening of September 17 and early morning of September 18 at 

the location of the Indiana bat casualty at the Fowler Ridge Wind Farm. 
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Correlation Analyses 

Weather and Bat Casualty 
All of the top ten Poisson models for explaining casualty rates by weather, chosen by AIC, 
contained the variables mean nightly wind speed (mean.ws) and mean nightly ambient 
temperature for the 24 hour period before corresponding searches (mean.nat; Table 20). The 
standard deviation of the ambient temperature (sd.at) and the mean humidity (mean.hu) for the 
24 hour period before corresponding searches were also included in 9 of the 10 top models.  
 
Table 20. Variables in the top Poisson regression models based on AIC for weather correlation 

analyses at the Fowler Ridge Wind Farm. 
AIC               … 
270.0 mean.ws mean.nat sd.at mean.hu -- 
270.5 mean.ws mean.nat sd.at mean.hu mean.bp 
271.1 mean.ws mean.nat sd.at mean.hu range.nbp 
271.2 mean.ws mean.nat sd.at mean.hu mean.wd 
271.3 mean.ws mean.nat sd.at -- mean.nhu 
271.4 mean.ws mean.nat sd.at mean.hu mean.nbp 
271.9 mean.ws mean.nat -- mean.hu mean.bp, range.nbp 
271.9 mean.ws mean.nat sd.at mean.hu sd.nbp 
272.0 mean.ws mean.nat sd.at mean.hu csd.ws 
272.0 mean.ws mean.nat sd.at mean.hu sd.bp 
 
The model with the lowest AIC contains all four of the previously discussed variables exclusively 
(Model B).  

Model B 
                                           

                                                          
 
This model indicates a significant negative effect for mean wind speed. Specifically, as mean 
wind speed increases by one meter per second the incident rate ratio of a casualty decreases 
by a factor of 0.86. In other words a 14% decrease in fatalities was realized for every one meter 
per second increase in wind speed. The corresponding 90% confidence interval for decreases 
in casualty due to mean wind speed ranged from 7% to 21% decrease for every one meter per 
second increase in wind speed. Mean nightly ambient temperature, the standard deviation of 
the ambient temperature (sd.at) and the mean humidity (mean.hu) for the 24 hour period before 
corresponding searches show a significant positive effect on bat casualty rates. Figure 18 
shows this relationship for each variable when all other variables are held constant at their 
respective means. Larger casualty rates for temperature and humidity most likely correspond 
with the higher bat activity during the early fall period when temperatures are warmer with 
decreasing activity and casualty towards the end of fall when temperatures begin to cool. The 
positive relation of casualty rates to the standard deviation of the ambient temperature for the 24 
hour period before corresponding searches may be attributed to the larger variance in 
temperatures on warm days followed by cooler nights, or may be associated with the passage 
of storm fronts and changes in temperature. Coefficients for these variables suggest increases 
of 15%, 47%, and 2% in fatalities with a one unit increases in mean nightly ambient 
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temperature, standard deviation of the ambient temperature and mean humidity respectively. 
None of the corresponding 90% confidence intervals for the preceding variables included zero 
(mean.nat; 11% to 19%, sd.at; 22% to 75%, mean.hu; 1% to 3%). This implies these variables 
were significant in the Poisson model predicting casualty rates. 
 

 
Figure 18. Daily casualty rates at the Fowler Ridge Wind Farm as explained by Poisson regression 

model covariates. Regression lines represent sequential values of the variable of interest 
while restraining all other covariates to their means. 

 
Bat Acoustical Activity and Casualties 
Correlation between bat activity (number of bat passes per detector night) taken from Anabat 
units located on the nacelles of selected turbines and observed casualty rates was stronger 
than the correlation of casualty rates to Anabat detectors located at the base of turbines 
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(Pearson‟s correlation coefficients; 0.45 and 0.07 respectively; Figure 19). Correlations between 
activity and casualty comparing ground and nacelle Anabat units were restricted to dates past 
the night of August 18, 2010 when both nacelle and ground units were in place. On average, 
nights with higher Anabat activity rates also had higher observed casualty rates, although 
weather variables also affected bat casualty rates. 
 

 
Figure 19. Correlation between activity rates by Anabat detector locations and observed casualty 

rates at the Fowler Ridge Wind Farm with Pearson’s correlation coefficient (r).  
 
To try to account for this variability, bat activity was included in the Poisson modeling process 
with weather variables and an exhaustive search for the model with lowest AIC resulted in the 
models shown in Table 21. The combined ground and nacelle activity rate (arate) appears in all 
of the top ten models.  The lowest AIC value for any model including the activity rates from 
ground detectors only (grate) was 258.2 a difference of 3.4 in AIC from the best combined 
activity rate model. It is normally agreed that differences in AIC greater than 2 are significant. 
This implies that combining activity rates from the nacelle and ground Anabat units was a better 
predictor of bat casualty rates at the FRWF than ground units alone. Since nacelle units were 
not placed during the complete fall survey period a similar comparison of nacelle units was not 
included in Poisson modeling. Mean nightly wind speed, mean nightly ambient temperature, and 
the variance in the ambient temperature during the 24 hours previous to corresponding 
searches still appear as significant weather variables in each of the top 10 models. Mean 
humidity during the 24 hours previous to searches was selected in only four of the top 10 
models and mean barometric pressure during the same 24-hour period was selected in eight 
out of the 10 top models (Table 21). 
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Table 21. Variables in the top Poisson regression models based on AIC for Anabat activity 
adjusting for weather at the Fowler Ridge Wind Farm. 

AIC                  … 
254.8 arate mean.ws mean.nat sd.at mean.bp -- 
255.0 arate mean.ws mean.nat sd.at mean.bp mean.hu 
255.5 arate mean.ws mean.nat sd.at mean.bp mean.nhu 
255.9 arate mean.ws mean.nat sd.at mean.bp sd.bp 
256.0 arate mean.ws mean.nat sd.at mean.bp mean.wd 
256.1 arate mean.ws mean.nat sd.at -- mean.nbp 
256.4 arate mean.ws mean.nat sd.at mean.bp mean.hu, sd.bp 
256.4 arate mean.ws mean.nat sd.at mean.bp sd.nhu 
256.5 arate mean.ws mean.nat sd.at -- mean.hu, mean.nbp 
256.6 arate mean.ws mean.nat sd.at mean.bp mean.hu, sd.nhu 

 
The model with the lowest AIC contains the variables for combined ground and nacelle Anabat 
activity (arate), mean nightly wind speed (mean.ws), mean nightly ambient temperature 
(mean.nat), and the variance of the ambient temperature and mean barometric pressure for the 
24 hour period previous to searches (Model C).  

 
 

Model C 
                                           

                                                                      
 
Coefficients for combined activity rates have an incident rate ratio of 1.04 implying a 4% 
increase in fatalities for each one unit increase in bat passes per detector night. The 90% 
confidence interval for decreases in casualty due to combined activity rate is 3% to 5% for each 
one unit increase in bat passes per detector night. Figure 20 shows the graphical interpretation 
of model coefficients unique to this model.  
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Figure 20. Daily casualty rates at the Fowler Ridge Wind Farm as explained by Poisson regression 

model covariates. Regression lines represent sequential values of the variable of interest 
while restraining all other covariates to their means. 

 
Casualty rates varied throughout the study, with the highest rates occurring during the month of 
August. An especially large number of fresh bat carcasses were discovered on August 4, 2010, 
when observed casualty rates were twice as high as recorded on any other evening. 
 
The months of August and September were warmer and drier than historical averages. La Nina 
weather patterns weakened or rerouted storm systems in August that were heading toward 
Indiana (Indiana Climate Center 2010), and relatively few, strong fronts associated with 
precipitation events crossed the FRWF. The evening of August 4 was unusual in that August 3 
and 4 were one of the few days when stronger fronts associated with precipitation events 
occurred in the Fowler area. 
 
On-site weather data collected on the evening of August 3, 2010 indicate that mean 
temperature and humidity were higher than normal, and wind speeds and barometric pressure 
were lower than normal, as compared to weather data collected during the fall migration period 
(Figure 21).  Barometric pressure decreased from the morning of August 3 through the early 
morning of August 4, 2010, as a weather front passed through the area. Periods of rain and 
heavy wind associated with thunderstorms were present during periods of the day on August 3 
and 4; however, wind speeds dropped during the evening, and temperatures were high, 
humidity was high, and wind speeds low throughout the evening of August 3-4, 2010. Bat 
activity rates were also very high during this night. 
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Figure 21. Average climate conditions on the night preceding August 4, 2010, the night prior to 

the date when the highest number of bat casualties were found. 
 
Weather conditions during the night before the date the Indiana bat casualty was found were not 
typical of nights when most bat fatalities occurred. The Indiana bat was found on September 18, 
2010. During the evening of September 17, bat activity rates were below the fall median values 
and mean barometric pressure was above median values.  Mean temperature, and mean wind 
speed were at fall median values, and humidity and variation in air temperature were slightly 
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below median values, but within the 1st and 3rd quartiles (Figure 22). No precipitation was 
present the day and night of September 17, and no large fronts were moving through the area. 
 

 
Figure 22. Average climate conditions on the night preceding September 18, 2010, the night 

prior to the date when the Indiana bat casualty was discovered. 

Bat Acoustic Surveys 

Bat activity was monitored at four fixed sampling locations on a total of 36 nights during the 
spring period of April 9 through May 14, and again at ten fixed sampling locations on a total of 
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95 nights during the fall period of July 15 through October 18, 2010. During the fall season, 
sampling began on July 15 for the two locations that were previously monitored in 2007, while 
monitoring at the base of turbines began August 1. Anabat units were operable for 93.5% of the 
spring sampling period, and 93.3% of the fall sampling period. Anabat units recorded 185 bat 
passes on 137 detector-nights during the spring (Table 22), and 5,721 bat passes on 685 
detector-nights during the fall. The average bat activity for ground stations was 1.34 ± 0.29 bat 
passes per detector-night in the spring (Table 22), and 11.46 ± 1.29 at ground stations and 3.10 
± 0.42 at raised stations during the fall (Table 23).  
 

Table 22. Results of spring acoustic bat surveys conducted at the Fowler Ridge Wind Farm, April 9 
– May 14, 2010, separated by call frequency (HF = high frequency, MF = mid frequency, LF = 
low frequency).  

Anabat 
Station Location 

# of HF Bat 
Passes 

# of MF Bat 
Passes 

# of LF Bat 
Passes 

Total Bat 
Passes 

Detector- 
Nights 

Bat Passes/ 
Night* 

FR056g ground 13 16 23 52 36 1.44±0.46 
FR098g ground 14 9 23 46 36 1.28±0.28 
FR251g ground 9 9 13 31 29 1.07±0.34 
FR414g ground 11 18 27 56 36 1.56±0.34 

Grand Total 47 52 86 185 137 1.34±0.29 
Active 5 1 9 15 5 3.00± NA 

 
 

Table 23. Results of fall acoustic bat surveys conducted at the Fowler Ridge Wind Farm, July 15 – 
October 18, 2010, separated by call frequency (HF = high frequency, MF = mid frequency, LF 
= low frequency).  Stations FRr1g and FRr2g were previously monitored in 2007, and were 
located away from turbines. The other stations shown here were located at turbines. 

Anabat 
Station Location 

# of HF Bat 
Passes 

# of MF Bat 
Passes 

# of LF Bat 
Passes 

Total Bat 
Passes 

Detector- 
Nights 

Bat Passes/ 
Night* 

FRr1g ground 71 65 296 432 86 5.02±0.43 
FRr2g ground 173 59 93 325 93 3.49±0.85 
FR083g ground 220 205 436 861 68 12.66±1.62 
FR083h raised 11 26 75 112 61 1.84±0.32 
FR251g ground 193 189 495 877 68 12.90±1.59 
FR251h raised 24 50 133 207 61 3.39±0.63 
FR458g ground 476 505 1007 1988 76 26.16±4.12 
FR458h raised 22 27 154 203 48 4.23±0.97 
FR614g ground 88 118 331 537 63 8.52±1.19 
FR614h raised 6 33 140 179 61 2.93±0.60 

Total Ground 1,221 1,141 2,658 5,020 454 11.46±1.29 
Total Raised 63 136 502 701 231 3.10±0.42 
Grand Total 1,284 1,277 3,160 5,721 685 8.12±0.88 

Active 32 59 43 134 21 6.38±2.08 

Species Composition 

During the spring study season, passes by low-frequency bats (LF; 46.5% of all passes) 
outnumbered passes by mid-frequency bats (MF; 28.1%) and high-frequency bats (HF; 25.4%; 
Table 22), and this pattern was consistent among ground stations (Figure 23). Temporal 
patterns of use were similar among all three species groups during the study period (Figure 23). 
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Figure 23. Number of bat passes per detector-night by Anabat station at the Fowler Ridge Wind 

Farm for the spring study period April 9 – May 14, 2010. The bootstrapped standard errors 
are represented by the black error bars on the ‘All Bats’ columns. 

 
During the fall study season, passes by LF bats (55.2% of all passes) again outnumbered 
passes by HF bats (22.4%), and MF bats (22.3%; Table 23), and this pattern was consistent 
among ground stations (Figure 24). Among raised stations, LF bats comprised 71.6% of passes 
(Table 23). LF and MF bats comprised a higher proportion, and HF species comprised a lower 
proportion, of calls recorded at raised versus ground locations at turbines during the fall (Figures 
25 and 26). Temporal patterns of use were similar among all three species groups during the 
study period (Figure 24). 
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Figure 24. Number of bat passes per detector-night by Anabat station at the Fowler Ridge Wind 

Farm for the fall study period July 15 – October 18, 2010. The bootstrapped standard 
errors are represented by the black error bars on the ‘All Bats’ columns. Stations FRr1g 
and FRr2g were previously monitored in 2007, and were located away from turbines. 

 
 

 
Figure 25. Percentage of bat calls, by frequency class, recorded at the Fowler Ridge Wind Farm at 

nacelles versus detectors at the base of turbines on nights when both units were 
operational during the fall migration period. 
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Figure 26. Bat activity at paired stations during the fall study period at the Fowler Ridge Wind 

Farm, August 18 – October 18, 2010 on nights when both ground and nacelle units were 
operational. 

 
Data for HF bat passes were analyzed during both the spring and fall study period to look at 
temporal trends among species of interest (including Indiana bat). During the spring study 
season, HF bat activity was similar at each of the four sampling stations, as well as during 
active monitoring; the majority of HF bat passes occurred in late-April and early-May (Figure 
27). During the fall study season, HF bat activity also showed similar temporal patterns across 
all stations, with most HF bat passes being recorded from early- to mid-August (Figure 28). 
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Figure 27. High-frequency bat passage rates during the Fowler Ridge Wind Farm spring study 

season, April 9 – May 14, 2010. 
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Figure 28. High-frequency bat passage rates during the Fowler Ridge Wind Farm fall study 

season, July 15 – October 18, 2010. 
 
HF bat passes were further analyzed, to gain a better understanding of what species comprised 
calls in this category. Calls were analyzed by visually comparing call sonograms and 
characteristics to a set of known calls from a call library. Myotis comprised only 15% of calls that 
were good enough quality for identification in 2010 (Table 24). Based on this analysis, Myotis 

activity was low within the FRWF during the spring and fall of 2010, and the majority of calls 
identified within the HF category were comprised of non-myotis species, including red bats and 
tri-colored bats.   
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Table 24. Bat activity by bat species within the high-frequency (HF) category at the Fowler Ridge 
Wind Farm. 

Species 
Activity (bat passes/ 

detector night) 
Percent Composition  

of identified bat activity 
myotis 0.10 15.6% 
eastern red bat 0.16 23.9% 
tri-colored bat 0.05 7.3% 
other non-myotis species 0.35 53.2% 
unknown 0.84 55.9% of HF calls were unable to be identified 

 
Myotis calls were analyzed, to determine if call characteristics resembled Indiana bat calls from 
a call library. Three methods were utilized to identify potential Indiana bat calls, including a 
Discriminant Function Analysis, the “Britzke” filter, and a qualitative analysis by WEST 
biologists. No potential Indiana bat calls were identified by the Discriminant Function Analysis 
from the 2007 data set. In 2008, five call files were identified by the Discriminant Function 
Analysis as Indiana bat calls. However, neither the “Britzke” filter nor qualitative analysis 
classified these calls as Indiana bats. Thirty calls were identified by the Discriminant Function 
Analysis as resembling calls made by Indiana bats in 2010, two calls passed the Britzke filter, 
and WEST biologists identified all 30 calls as either made by Indiana bats or little brown bats 
(Table 25).   Most potential Myotis calls were identified as occurring on the evening of August 9-
10, 2010 at reference Station 2, located away from turbines (FRr2g).  Based on the presence of 
multiple potential calls, Myotis were present on the evening of August 9-10 at Station 2, and the 
potential exists that these calls were made by Indiana bats.  The recording of individual potential 
Indiana bat calls on other nights do not provide as strong of evidence of Indiana bat activity due 
to the potential for incorrect identifications. 
 

Table 25. Bat calls identified by the Discriminant Function (DF) Analysis in 2010 as potentially 
made by Indiana bats. MYSO = Indiana bat (Myotis sodalis) and MYLU = Little brown 
bat (Myotis lucifugus). 

Station Month Date Filename 
Discriminant 
Function ID WEST Biologist ID 

Briztke 
ID 

FR458g Aug 11 k8120107.52# MYSO MYSO or MYLU  
FR458g Sep 1 k9012343.46# MYSO MYSO or MYLU  
FR251g Aug 10 k8110423.53# MYSO MYSO or MYLU  
FR083g Aug 3 k8040517.29# MYSO MYSO or MYLU  
FR083g Sep 10 k9110508.41# MYSO MYSO or MYLU  
FRr2g Aug 5 k8060303.30# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100138.40# MYSO MYSO or MYLU MYSO 
FRr2g Aug 9 k8100143.27# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100147.26# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100148.32# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100149.17# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100149.37# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100151.06# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100152.01# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100154.48# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100155.44# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100156.20# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100156.32# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100156.49# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100158.03# MYSO MYSO or MYLU  
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Table 25. Bat calls identified by the Discriminant Function (DF) Analysis in 2010 as potentially 
made by Indiana bats. MYSO = Indiana bat (Myotis sodalis) and MYLU = Little brown 
bat (Myotis lucifugus). 

Station Month Date Filename 
Discriminant 
Function ID WEST Biologist ID 

Briztke 
ID 

FRr2g Aug 9 k8100158.14# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100158.36# MYSO MYSO or MYLU MYSO 
FRr2g Aug 9 k8100159.10# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100201.33# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100203.02# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100204.59# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100205.39# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100206.17# MYSO MYSO or MYLU  
FRr2g Aug 9 k8100207.40# MYSO MYSO or MYLU  
FRr2g Aug 10 k8110052.38# MYSO MYSO or MYLU  

Spatial Variation  

During the spring studies at the FRWF, bat activity was similar among the four fixed stations in 
(Figures 23), ranging between 1.07 and 1.56 bat passes per detector-night among ground 
stations (Table 22). Overall, use was lowest at station FR251g (1.07 bat passes/detector night), 
and higher at stations FR098g (1.28), FR056g (1.44), and FR414g (1.56; Table 22)  
 
During the fall study season, bat activity varied among the ten stations in the FRWF (Figure 24), 
ranging between 3.49 and 26.16 bat passes per detector-night among ground stations, and 
between 1.84 and 4.23 bat passes per detector-night among raised stations (Table 23). Ground 
stations previously monitored in 2007 recorded lower bat activity rates (3.49 and 5.02) in 2010 
compared to detectors located at the base of wind turbines (8.52, 12.66, 19.90, 26,16; Figure 
24, Table 23). 

Temporal Variation 

During the spring study season, bat activity increased from early-April through mid-May (Figure 
29). The highest number of bat passes per detector-night (of all frequencies) within a single 
week were recorded on the week of April 30 through May 6 (2.57 bat passes per detector-night); 
the highest number of bat passes per detector-night of HF bats were recorded during the week 
of April 30 through May 6 (0.71); the highest number of MF bat passes per detector-night were 
recorded during the week of April 30 through May 6 (0.90); the highest number of LF bat passes 
per detector-night were recorded during the week of April 19 through April 27 (1.07;Table 26). 
HF bat passes were most commonly recorded after May 1 (Figure 27). 
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Figure 29. Bat activity, by week, during the spring migration period at the Fowler Ridge Wind 

Farm. 
 
 
Table 26. Highest weekly activity rates (bat passes per detector-night), sorted by call frequency 

(HF=high frequency, MF=mid frequency, LF=low frequency), for the spring study period. 
Period of Interest Week(s) of Highest Passage Rate Bat activity Rate 

All Bats 
Spring Study Period 04/30/10 to 05/06/10 2.57 

HF Bats 
Spring Study Period 04/30/10 to 05/06/10 0.71 

MF Bats 
Spring Study Period 04/30/10 to 05/06/10 0.90 

LF Bats 
Spring Study Period 04/19/10 to 04/27/10 1.07 

 
During the fall study season, bat activity was highest from late-July through late-August, and 
then decreased through mid-October (Figure 30). The highest number of bat passes per 
detector-night (all frequencies) within a single week were recorded on the week of July 26 
through August 1 (61.45 bat passes per detector night); the highest number of HF bat passes 
per detector-night were recorded during the week of August 4 through August 10 (10.84); the 
highest number of MF bat passes per detector-night were recorded during the week of July 29 
through August 4 (12.62); the highest number of LF bat passes per detector-night were 
recorded during the week of July 26 through August 1 (44.37; Table 27). Few HF bat basses 
were recorded outside of the week of August 4-10 (Figure 28). 
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Figure 30. Bat activity, by week, during the fall migration period at the Fowler Ridge Wind Farm. 

Monitoring of bat activity began at two stations on July 15 that were previously monitored 
in 2007, while monitoring at the base of turbines began July 30. 

 
 
Table 27. Highest weekly activity rates (bat passes per detector-night), sorted by call frequency 

(HF=high frequency, MF=mid frequency, LF=low frequency), for the fall study period. 
Period of Interest Week(s) of Highest Passage Rate Bat activity Rate 

All Bats 
Overall 07/26/10 to 08/01/10 61.46 
Fall Study Period 07/30/10 to 08/05/10 38.44 

HF Bats 
Overall 08/04/10 to 08/10/10 10.84 
Fall Study Period 08/04/10 to 08/10/10 10.84 

MF Bats 
Overall 07/29/10 to 08/04/10 12.62 
Fall Study Period 07/31/10 to 08/06/10 11.66 

LF Bats 
Overall 07/26/10 to 08/01/10 44.37 
Fall Study Period 07/30/10 to 08/05/10 18.33 

 
Most calls identified by the DF as resembling potential Indiana bat calls were recorded on the 
evening of August 9.  This corresponds with the peaks in activity observed for LF, MF, and HF 
bats during the first two weeks in August. 
 
Temporal patterns of bat activity between ground and raised stations were similar (Figure 31), 
and followed the overall trend. However, raised stations recorded more bat passes through late 
August, while ground stations recorded more activity through the remainder of the study period.  
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Figure 31. Number of bat passes per detector-night by ground and raised Anabat stations at the 

Fowler Ridge Wind Farm for the fall study period July 15 – October 18, 2010 when raised 
and ground units were operational on the same night.  

 
Bat activity rates as a function of hour past sunset are shown in Figure 32. In general, bat 
activity was recorded throughout the night, with rates highest from 2 – 6 hours past sunset, 
Activity generally decreased in the latter part of the night.  
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Figure 32. Bat activity rates as a function of hour past sunset at the Fowler Ridge Wind Farm.  

Active Monitoring 

Active monitoring was conducted during both the spring and fall study seasons. During the 
spring study period (five detector nights), active bat monitoring efforts recorded five HF bat 
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passes, one MF bat pass, and nine LF bat passes (Table 22). During the fall study season (21 
detector-nights), active bat monitoring efforts recorded 32 HF bat passes, 59 MF bat passes, 
and 43 LF bat passes (Table 23). No calls were identified as potential Indiana bat calls during 
the active monitoring surveys. 

Weather and Anabat Activity Rates 

Modeling Anabat activity rates (bat passes per detector night) resulted in different variables of 
importance for ground and nacelle detectors. Ground activity rates were best predicted by the 
mean and variability of barometric pressure and the standard deviation in the ambient 
temperature during the previous 24-hour period along with the mean nightly ambient 
temperature and mean and variability of nightly humidity (Table 28). Each variable was 
significant in the model with p-values less than 0.01, suggesting that each covariate has a 
significant effect on predicting ground activity having adjusted for all other model covariates. 
Nacelle activity rates were more dependent on the wind speed variables, mean nightly wind 
speed and standard deviation of nightly wind speed. Other significant covariates included the 
standard deviation of nightly barometric pressure, mean nightly humidity, mean ambient 
temperature for the 24 hour period previous to searches and the standard deviation of humidity 
during that same period. Poisson models predicting combined ground and nacelle detector 
activity had significant covariates for mean nightly wind speed, mean and standard deviation of 
the barometric pressure during the 24 hour period previous to searches, mean and standard 
deviation of the humidity either nightly or during the 24 hour period previous to searches, and 
the standard deviation of the nightly ambient temperature (Table 28).  
 
Table 28. Significant variables (p-value < 0.05) in the top Poisson regression models based on 

AIC for weather correlation analyses at the Fowler Ridge Wind Farm. 
AIC                         
Models for nacelle Anabat Activity (bat passes/detector night) 
834.7 mean.ws sd.ws -- sd.nbp mean.nhu sd.hu mean.at -- 
835.3 mean.ws sd.ws -- sd.nbp mean.nhu sd.hu mean.nat -- 
837.1 -- sd.ws mean.nbp sd.nbp mean.nhu sd.hu mean.at -- 
Models for ground Anabat Activity (bat passes/detector night) 
2467.6 -- -- mean.bp sd.bp mean.nhu sd.nhu mean.nat sd.at 
2474.2 -- sd.ws mean.bp sd.bp mean.hu sd.nhu mean.nat sd.at 
2474.9 -- sd.ws mean.bp sd.bp mean.hu sd.hu mean.nat sd.nat 
Models for combined nacelle & ground Anabat Activity (bat passes/detector night) 
3165.2 mean.ws -- mean.bp sd.bp mean.nhu sd.hu mean.nat sd.nat 
3168.3 mean.ws -- mean.bp sd.bp mean.hu sd.hu mean.nat sd.nat 
3170.0 mean.ws -- mean.bp sd.bp mean.nhu sd.hu mean.nat -- 
 
As with casualty rate predictions, nacelle and combined Anabat activity rates were negatively 
correlated with mean nightly wind speed. This implies that as wind speed increased activity 
decreased (Figure 33). Wind speed was not a significant variable for predicting ground Anabat 
activity. The standard deviation of nightly wind speed was also negatively correlated with 
nacelle activity but not significantly correlated with ground or combined activity rates. As the 
mean and standard deviation of barometric pressure decreased so did Anabat activity at ground 
and combined detectors. This relationship was not as strong for nacelle activity rates (Figure 
33).  Mean nightly humidity was a significant covariate for nacelle, ground, and combined 
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activity rates where a positive correlation suggested that as mean nightly humidity increased so 
did the number of bat passes per detector night (Figure 34). The variability of humidity during 
the 24 hour period previous to searches had a positive correlation with nacelle activity rates but 
a negative correlation with ground and combined activity rates. This difference may be due to 
the reduced sampling period of detectors on turbine nacelles. As seen with observed casualty 
rates, nights with higher ambient temperature had higher nacelle, ground, and combined activity 
rates while the standard deviation of the nightly ambient temperature had a negative effect on 
ground and combined activity rates, showing that nights with larger variability in ambient 
temperatures had higher ground and combined activity rates (Figure 34). Standard deviation in 
ambient temperature was not a significant covariate in predicting nacelle activity rates. 
  



Fowler Ridge 2010 Study Results 

 

WEST, Inc. 63 January 27, 2011 

 
 Nacelle Ground Combined 

m
ea

n.
w

s 

 

sd
.w

s 
m

ea
n.

bp
 

sd
.b

p 

Figure 33. Nightly bat passes per detector at the Fowler Ridge Wind Farm as explained by 
Poisson regression model covariates. Regression lines represent sequential values of 
the variable of interest while restraining all other covariates to their means. 
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Figure 34. Nightly bat passes per detector at the Fowler Ridge Wind Farm as explained by 
Poisson regression model covariates. Regression lines represent sequential values of 
the variable of interest while restraining all other covariates to their means. 
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DISCUSSION 

Were Indiana bat Casualties Widespread, and Did They Occur at High Levels? 

The objective of the 2009 study was to determine if the number of bird and bat casualties within 
Phase I was low, moderate or high compared to other wind-energy projects; therefore methods 
differed from studies conducted to precisely quantify bat fatality rates or to detect rare fatality 
events.  In 2010, the number of plots searched and the frequency at which plots were searched 
was greatly increased as compared to 2009. During 2009, the Phase I study protocol suggested 
that 32 turbines should be searched, of which 18 would have strips of crops mowed in order to 
sample the area under turbines where birds and bats could fall.  However, due to lack of 
landowner participation, 25 turbines were searched, of which nine had crops cleared under 
turbines. Turbines were searched at varying intervals, from once every two weeks to twice per 
week, depending on season. Given the lack of landowner participation in 2009, and the 
discovery of an Indiana bat carcass outside of a scheduled carcass search, some uncertainty 
existed regarding the overall bat casualty estimate, as well as the number of Indiana bat 
casualties occurring at FRWF. One of the primary goals of the 2010 study was to determine if 
Indiana bat casualties were widespread, and if they occurred at levels that may impact Indiana 
bat populations; hence, the 2010 study was conducted with increased survey effort. During 
2010, 36 plots were cleared of crops within three phases of study, and these turbines were 
searched on a daily basis during migration. Weekly searches were conducted at an additional 
100 turbines in 2010.  
 
In addition to daily searches, most fresh bat carcasses were placed in the field to estimate the 
probability of a carcass being found or missed due to removal by scavengers or missed by 
searchers. Estimates of probability of a carcass being available and detected by searchers was 
0.51 and 0.58 for weekly road and pad searches and daily cleared plot searchers respectively. 
Thus, there was  a reasonable probability of detecting bat carcasses during the study period. 
 
Despite the increased survey effort over studies conducted in 2009, and despite reasonable 
probabilities of detecting bat carcasses during the study, very few Myotis carcasses were found, 
with only one Indiana bat carcass found during the study. Very few Myotis calls were recorded 
during the course of the study, and calls potentially resembling Indiana bat calls were only 
recorded at a single station on one evening during the fall migration period.  The 2010 study 
was conducted during the Indiana bat spring and fall migration periods. It is clear that Indiana 
bat casualties were not widespread and did not occur at a high rate during the spring and fall 
migration period of Indiana bats. The data collected during this study can be used to calculate a 
defensible estimate of Indiana bat casualties that may occur at the FRWF in the future. More 
detailed estimates of Indiana bat casualties for future operations of the FRWF will be calculated 
within a Habitat Conservation Plan, currently being prepared for the FRWF. 
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Species Composition 

Similar to other wind-energy projects in the Midwest and Northeast U.S., the vast majority of 
fatalities found at the FRWF were migratory tree bats, while Myotis and Perimyotis comprised 
less than 1% of bat carcasses recovered in 2010. Migratory tree bats comprised a similar 
proportion of fatalities in 2009 at Phase I when compared to the 2010 results; however; the 
relative proportion of species within the migratory tree bat group changed.  Eastern red bats 
comprised a higher proportion of fatalities in 2010, and hoary bats and silver-haired bats 
comprised a lower proportion of fatalities in 2010. The reasons behind the changes in species 
composition are unclear, and may be a result of between-year variation. The fall of 2010 was 
abnormally warm and dry, and relatively few strong fronts associated with precipitation passed 
through the Benton County area (Indiana State Climate Center 2010). Little is known regarding 
migratory routes for bats, and the influence of weather on bat migration has not been well 
studied, complicating interpretation of between-year results.    
 
Composition of bat species group activity recorded at FRWF generally mirrored the composition 
of bat casualties. LF and MF species groups, which include eastern red bat, hoary bat, and 
silver-haired bats, comprised the majority of bat activity recorded at ground stations. LF species 
groups comprised a higher proportion and HF a lower proportion of calls recorded at turbine 
nacelles, which indicate LF and MF bat species spend more time flying and echolocating at 
higher heights than HF species. This is further illustrated by the lack of Myotis calls recorded at 
nacelle detectors. 

Cause of Indiana Bat Casualty 

The Indiana bat casualty was found with a broken wing, and abrasions to the skin. A necropsy 
of the carcass was not performed, and it is not clear if the bat perished due to blunt force trauma 
associated with colliding with a blade, or if barotrauma played a role in the casualty (Baerwald et 
al. 2008). 

Overall Bat Casualty Estimate 

The 2010 Shoenfeld bat casualty estimate for Phases I,II and III of the FRWF was slightly 
higher than recorded at Phase I during 2009 (Johnson et al. 2010a). However; the 2010 study 
was designed to estimate bat fatalities during the Indiana bat migration periods, and hence 
casualty studies were only conducted during the spring and fall.  Bat casualties also occur 
during the summer, and 102 bats were found while clearing plots of bats prior to the start of the 
study, or were estimated to have been killed prior to August 1, indicating that a substantial 
number of bat casualties may have occurred in late July. Thus the 2009 and 2010 estimates are 
not directly comparable, and the 2010 overall bat casualty estimate would have been higher if 
surveys were conducted during the summer. In 2009, Johnson et al. (2010a) found 7.5% of all 
casualties occurred during the months of June and July at Phase I of the FRWF. 
 
While casualty rates of some bat species would have been higher during the summer, no 
Indiana bat casualties would be expected to occur in the summer.  The FRWF generally lacks 
potential summer habitat and is comprised of only 249 acres of forested areas spread over 
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54,880 acres of project, or approximately 0.45% of the area within a half-mile of turbine 
locations. The timing of the two Indiana bat casualties discovered during 2009 and 2010 also 
strongly suggest that the Indiana bats discovered as casualties were migrating during the fall.    
 
A growing number of bat casualty studies at wind farms are available from agricultural regions 
of the Midwest. When compared to other Midwest wind farms, the 2010 empirical rate for the 
FRWF was higher than reported at the Crescent Ridge, Illinois, Grand Ridge, Illinois, Top of 
Iowa, Iowa, and Buffalo Ridge, Minnesota, but lower than estimates from Blue Sky Green Field 
and Cedar Ridge in Wisconsin (Appendix G). It is important to note that the 2010 estimate for 
the FRWF only included the spring and fall migration seasons, while estimates from most other 
wind-energy facilities in the Midwest include spring, summer and fall seasons. 

Patterns of Bat Activity 

One of the objectives of the acoustic monitoring conducted at FRWF was to determine if the 
Anabat ultrasonic bat detector was an effective tool for predicting bat casualty rates. Bat activity 
was monitored at six stations over the course of two fall seasons from the ground, prior to 
construction of the FRWF. Two of the previously monitored stations were monitored again in 
2010, to gain an understanding of how bat activity patterns may change over time. Bat activity at 
the two previously monitored stations averaged 5.02 and 3.49 bat passes per detector night 
during 2010, which was similar to the overall average bat pass rates recorded in 2007 (4.7 bat 
passes per detector night in 2007; Gruver et al. 2007) and 2008 (6.45 bat passes per detector 
night in 2008; Carder et al. 2009). While overall bat passes were similar between years for 
detectors placed at the same location, bat passes recorded at ground stations located below 
four wind turbines in 2010 recorded an average of 15.06 bat passes per detectors night in 2010, 
or approximately 3 – 5 times more activity than ground stations located away from turbines in 
2007, 2008 and 2010 (Gruver et al. 2007, Carder et al. 2009). Cryan and Barclay (2009) 
hypothesized that relatively high bat casualty rates observed at wind-energy facilities were the 
result of bats being attracted to turbines. Acoustic data collected from the ground at FRWF may 
support this hypothesis.  
 
One potentially confounding factor is the lack of bat activity data within the potential rotor swept 
heights of turbines prior to construction. Data collected in 2010 at FRWF, as well as data 
collected by other researchers (Baerwald et al. 2009), suggest that bat activity within rotor swept 
areas is more closely related to bat casualty rates than bat activity recorded on the ground.  

Timing of Bat Fatalities  

Similar to other studies of bat casualties and wind-energy projects, the vast majority of bat 
casualties at FRWF occurred during August and September (Johnson 2005, Arnettet al. 2008), 
which coincides with the fall migration period for migratory tree bats. Johnson et al. (2010a) also 
noted that most fatalities occurred within Phase I of the FRWF in 2009 from August through 
mid-September. Peaks in bat casualties in 2010 occurred primarily in early August, whereas 
Johnson et al. (2010a) noted peaks in bat casualties in early August and early September.  
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Peaks in bat fatalities also generally corresponded with peak bat activity recorded at FRWF in 
2010, and bat activity rates were a significant variable in models predicting bat casualty rates at 
the FRWF.  

Bat Fatalities and Weather 

During the fall migration period of 2010, bat casualty rates were highest on nights with higher 
bat activity, lower mean wind speeds, higher mean temperature and increasing variance in 
temperature, and increase barometric pressure. In other words, higher bat fatalities were 
associated with warmer, calmer evenings prior to, or after, the passage of weather fronts and 
increasing bat activity.  
 
Other researchers have also noted relationships between lower wind speeds and passage of 
weather fronts on bat activity and casualty rates in Tennessee, West Virginia, Iowa, and 
Wisconsin (Fiedler 2004, Kerns et al. 2005, Jain 2005, Arnettet al. 2008, and Gruver et al. 
2009). The consistency of results across wind-energy facilities and regions suggests it is 
possible to predict when many of the bat casualties occur, which can serve as a basis for 
designing strategies to reduce bat casualty rates.  
 
The reasons why lower bat fatalities occur on nights with higher wind speeds has not been well 
studied.  Baerwald and Barclay (2009) suggested that silver-haired and hoary bats in Canada 
may not be killed as frequently on nights with higher wind speeds because these species may 
be flying at heights greater than turbines in higher wind speeds. Bats may also not migrate 
during nights of high wind speeds due to increased energetic costs (Arnettet al. 2008). The 
results of our models of bat activity and weather variables suggest that wind speed was a 
significant variable for predicting bat use on nacelles, but not for ground based units. This may 
indicate that bats continue to fly and echolocate in stronger winds, but do so at lower altitudes 
when winds are strong. We were not able to monitor bat use above the heights of turbines, and 
do not know if bats were migrating or flying above turbine heights in stronger winds, although it 
seems unlikely that bats would fly higher during stronger winds due to the higher energetic 
costs. 
 
The Indiana bat carcass discovered in 2010 was discovered on a daily search plot, and was 
estimated to have been killed the night before, which allowed a closer examination of weather 
conditions.  The evening preceding the Indiana bat casualty was largely unremarkable, with air 
temperature, wind speeds, and humidity within or near median values for the fall migration 
period. Bat activity was lower than typically observed during the fall, and barometric pressure 
was higher than typically recorded. A high pressure system was apparently present over 
northern Indiana the evening the casualty occurred, and no strong fronts associated with 
precipitation were recorded. Other bats were recorded as casualties on the evening the Indiana 
bat was killed; however, unusually large numbers of casualties were not recorded. Unlike the 
Indiana bat found in 2010, the 2009 Indiana bat casualty at FRWF was found on a day when the 
most bat casualties were found. 
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Bat Fatalities and Turbine Type 

Barclay et al. (2007) examined patterns of turbine heights and rotor diameter on bird and bat 
fatalities at existing wind-energy facilities, and noted that bat casualty rates increased with 
increasing tower height, but seemed unaffected by increasing rotor diameter. However, we are 
unaware of any researchers that have examined casualty rates at turbines with the same 
nacelle height and varying rotor diameters during a concurrent casualty study. Three types of 
turbines were present within the FRWF. While all turbines had the same nacelle height, the 
three turbine types had differing rotor diameters. Observed bat casualty rates were not equal 
between turbine types, with higher bat casualty rates observed at turbines with greater rotor 
diameters. This pattern was potentially a function of increasing rotor swept area, and bats may 
have had an increased probability of colliding with turbines that had greater rotor swept areas.   
 
One potentially confounding factor was turbine type. While all three turbines were of the same 
nacelle height, the turbines were produced by different manufacturers. It is not known if one 
turbine type may have emitted more sounds or had other characteristics that may have 
potentially attracted bats. However; differences in bat fatalities between turbine types are most 
likely explained by differences in rotor swept areas. 
 
We also included potential habitat variables in models predicting bat casualty rates, to 
determine if habitat factors may have played a larger role than turbine, or were correlated with 
turbine type. Similar to patterns observed at other wind-energy facilities, bat fatality rates were 
not related to distance to wooded areas, water, or percent cover type within 400 m of turbines 
(Arnettet al. 2008). 
 
Myotis and Perimyotis casualties were recorded at all three types of turbines.  It was not 
possible to test if Myotis or Perimyotis casualty rates varied between turbine types due to the 
low overall number of Myotis or Perimyotis casualties. 

Bat Casualty Rates and Habitat  

Arnett et al. (2008) suggested that understanding bat fatalities in relation to habitat or 
topographic characteristics could provide a basis for designing effective strategies for reducing 
bat fatalities. However, few researchers have found any spatial variation in bat fatalities within a 
wind-energy facility, potentially due to a general lack in variation of habitat characteristics within 
wind-energy facilities (Johnson et al. 2004, Jain 2005, and Arnett et al. 2008). The results of this 
study do not indicate that bat fatality rates varied due to proximity to habitat features; however, 
the FRWF is dominated by tilled agriculture and has relatively low amounts of forest cover. 
 
Land cover and water sources surrounding all Myotis and Perimyotis carcasses can be 
characterized as open corn and soybean fields located at varying distances from water sources 
and forested shelterbelts. Only two Indiana bat carcasses have been found over the course of 
two years of studies at FRWF, which limit inferences that can be made regarding the effects of 
habitat and other features on Indiana bat casualty rates. Turbines at which the two carcasses 
were discovered had differing land cover and water sources surrounding the turbines.  In 2009, 
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one Indiana bat carcass was discovered at a turbine on the northern edge of Phase I.  The 
location of the 2009 carcass was within a large, open corn and soybean field, located relatively 
far (598 m) from any forested areas, and 180 m from the nearest water source. The 2010 
carcass was located at a turbine on the southern edge of Phase I, and the turbine was located 
within a soybean field. The turbine was located closer to forest and water sources compared to 
the 2009 carcass location, approximately 45 m from a tree lined pond.  Other linear shelterbelts 
were also present within 200 m of the turbine location.  

Casualty and Curtailment Study 

The study design utilized for the facility management study was similar to the study of cut-in 
speed adjustment conducted by Bat Conservation International (BCI) at the Casselman wind-
energy facility in Pennsylvania (Arnett et al. 2009), and should allow comparison of study 
results. The largest difference between methods used by Arnett et al. (2009) and the 2010 
FRWF study was the frequency at which cut-in speeds were changed. Arnett et al. (2009) 
switched the turbines selected for the cut-in speed adjustment on a nightly basis, whereas cut-in 
speeds were adjusted on a weekly basis during the 2010 FRWF study. By changing treatment 
turbines on a nightly basis, Arnett et al. (2009) assumed that the time of death was correctly 
classified for all bats found since the treatments were changed every day.   Switching treatment 
turbines on a weekly basis reduced the potential for bats missed during prior carcass searches 
to be incorrectly assigned to the wrong cut-in speed treatment. 
 
Baerwald (et al. 2009) and Arnett et al. (2010) demonstrated that raising cut-in speeds of 
turbines to between 5 – 6.5 m/s, or reducing rotor speeds on lower wind nights reduced bat 
fatalities between 57.5 – 82% over the course of single fall migration seasons in Alberta and 
Pennsylvania, respectively. However, both authors suggested that further tests of cut-in speed 
adjustment were needed in different geographic areas to determine if cut-in speed adjustments 
were effective in differing landscapes and for varying suites of bat species. The results of this 
study provide further evidence that raising wind turbine cut-in speeds is an effective measure to 
reduce bat casualty rates at operating wind energy facilities, and is effective for projects located 
in landscapes in the Midwest dominated by tilled agriculture. The results obtained during this 
study are comparable to results at the Casselman facility in Pennsylvania, a facility in Alberta, 
Canada, and a facility in Germany, where raising cut-in speeds to 5.0 – 6.5 m/s has resulted in 
reductions in bat mortality of 50% to 77.5% (Table 29).  
 
Arnett et al. (2010) found no significant differences in bat casualty rates between turbines raised 
to 5.0 m/s and 6.5 m/s. The FRWF study is the first  to demonstrate that bat casualty rates were 
not only significantly different between control and treatment turbines, but that bat casualty rates 
were significantly different between cut-in speeds raised to 5.0 m/s versus turbines with cut-in 
speeds raised to 6.5 m/s.  The reasons for the significant differences at the FRWF versus the 
Casselman facility in Pennsylvania could be related to differences in wind regimes. Wind data 
collected at the FRWF suggest that wind speeds were between 5.0 m/s and 6.5 m/s for a 
significant amount of the fall survey period (19.4%). Wind speeds could have potentially been 
more common between 5.0 m/s and 6.5 m/s at the FRWF versus the Casselman facility; 
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however, data regarding the percentage of time wind speeds were within discreet ranges were 
not available within Arnett et al. (2010). 
 
 
Table 29. Comparison of available data on effectiveness of changing turbine cut-in speeds on 

reducing bat mortality 

Location Turbine type 
Cut-In Speed(s) 

Tested 
Reduction in Bat 

Casualty (Percent) Reference 
Casselman, PA GE 1.5-MW 5.0 m/s 77.5 Arnett et al. 2010 

6.5 m/s 75.0  
Alberta, Canada Vestas V80 1.8-MW 5.5 m/s 60.0 Baerwald et al. 2009 

idled during low 
wind speeds 

57.4  

Fowler Ridge, IN Vestas V82 1.65-MW 
Clipper C96 2.5-MW 
GE SLE 1.5-MW 

5.0 m/s 50 This study 
6.5 m/s 78  

Germany Unknown 5.5 m/s ~50 O. Behr, unpubl. data 
 
 
The 2010 Indiana bat was discovered at a turbine with a cut-in speed raised to 5 m/s.  We 
caution against assuming that raising cut-in speeds to 5 m/s is not an effective measure for 
reducing Indiana bat casualties, based on a sample size of one. Additional data are needed 
before conclusions regarding cut-in speed adjustment and Indiana bat fatality rates can be 
made.   
 
The different casualty rates observed between the three turbine types had some potential to 
confound the results of the curtailment experiment; however, our study design accounted for 
this potential difference. Curtailment treatments were sufficiently randomized across daily 
search turbines to eliminate any potential confounding factor due to turbine type. The 
composition by turbine type of daily search turbines where no curtailment treatment was 
employed (control turbines) was representative of the composition of turbine types across the 
project. This was confirmed with a non-significant chi-squared test of proportions (chisq = 1.08, 
df = 2, p-value=0.58). 

RECOMMENDATIONS 

The data collected at the FRWF provides a baseline for identifying and refining measures to 
reduce bat casualty rates. While the low rate of Indiana bat fatalities likely indicates impacts of 
operation of the FRWF are also low, the low casualty rates also make it difficult to recommend 
measures specific to Indiana bats. Thus, the following recommendations are aimed at providing 
a basis for designing a strategy for reducing overall bat casualty rates, under the assumption 
that Indiana bat casualty rates will also be reduced.    
 
Raising cut-in speeds showed a reduction in bat casualty rates at FRWF during the Fall of 2010, 
and similar reductions in bat casualty rates have also been documented by researchers at other 
wind-energy facilities (Arnett et al. 2010, Baerwald et al. 2009).  However, correlations observed 
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between weather variables and bat fatalities suggest that focusing or adjusting cut-in speed 
adjustments during periods when bats may be at most risk, or at locations where bats may be 
more likely to be found, may optimize reductions in bat fatalities.  Other measures such as bat 
deterrents could also potentially be used to reduce bat casualty rates in the future (Horn et al. 
2008).  
  
 
The following are recommendations for potentially reducing bat mortality at FRWF. These 
recommendations are based largely on a single year of study at FRWF, as well as the results of 
research from other wind-energy facilities, where applicable. Bat migration patterns can vary 
between years, and few research studies are available that examine patterns of bat fatalities in 
the Midwest. These recommendations could be utilized in an adaptive management framework 
to refine minimization strategies as additional data and results become available from FRWF 
and other wind-energy facilities. The following recommendations should be seen as a toolbox of 
potential measures for reducing bat casualty rates, but should not be seen as a directive to 
implement specific practices. Potential use of these recommendations will depend largely on the 
biological goals and objectives of a minimization and monitoring strategy, currently being 
developed for the FRWF: 
 
 Develop an optimization model that attempts to maximize bat casualty reductions while 

balancing financial impacts to FRWF. 
 
 Test additional cut-in speeds (e.g. 4.5 m/s) beyond those cited in this report (5.0 m/s and 6.5 

m/s) that may potentially reduce fatalities to similar levels. 
 
 To date, the vast majority of bat fatalities occur during the fall migration period for most bat 

species, and the only two Indiana bat fatalities discovered to date occurred during the first 
three weeks in September. However, potential Myotis activity was only recorded within the 
FRWF during the evening of August 9-10, 2010. The Indiana Bat Recovery Plan (USFWS 
2007) defines that fall migration season for Indiana bats as August 1- October 15. Based on 
currently available information, we recommend focusing casualty minimization efforts during 
this critical time, under the assumption that Indiana bats are at most risk during this period.  

 
 Within the fall migration period for Indiana bats,  attention should be focused during specific 

weather conditions that were shown to have the greatest influence on bat casualty rates.  
For example: 

 Air Temperature: 91.13% of fatalities occurred on nights with mean nightly 
temperature above 20.08 degrees C (68.10 degrees Fahrenheit). 

 Passage of Fronts: The night with the most bat casualties appeared to be 
associated with the passage of one or more weather fronts, and bat casualty 
rates were associated with barometric pressure. 

 Humidity: Increasing humidity was shown to be a significant predictor of bat 
activity and bat casualty rates. 
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 Additional considerations when designing a plan should include: 
 Turbine type 
 Distance to water. 
 Areas with high concentrations of bat activity (Anabat supported) 

 
The following are recommendations for future monitoring of bat casualty and activity at FRWF: 
 

 Monitoring of spring fatalities may be considered for a limited period of time, to verify the 
assumption that Indiana bats are most at risk during the fall migration period. 
 

 Cleared plots require relatively large crop loss payments to farmers, as well as 
vegetation maintenance costs. Searcher efficiency rates are also lower on cleared plots 
versus roads and pads. Future monitoring of bat casualty rates can be completed by 
searching roads and pads, which were shown to provide comparable overall casualty 
estimates as searches on cleared plots.  
 

 The 2010 study was not designed to determine if bat casualty rates varied by turbine 
type or habitat features, although apparently significant patterns of bat fatalities by 
turbine type were recorded. Additional monitoring of FRWF could consider the influence 
of turbine type and habitat features. 
 

 Comparable bat casualty estimates were obtained on weekly road and pad searches 
versus daily road and pad searches. Search intervals used for future monitoring should 
be based on study objectives. Studies designed to measure overall bat casualty rates 
may be completed utilizing less frequent search intervals, while studies designed to 
measure influence of weather on bat casualty rates may require daily searches.  
 

 Patterns and estimates of bat fatality recorded at Phases I, II and III should be similar for 
Phases IV and V given their proximity, assuming that habitat and topographic 
characteristics are similar. We recommend verifying similarities in habitat and 
topography between future phases and Phases I, II, and III when assessing the risk of 
bat fatalities occurring at future phases of the FRWF. 
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Appendix A. Estimated Time of Death Information Sheet 
 
 

Previous Night 

- Eyes will be round and fluid filled or slightly dehydrated  
- No Decomposition  
- No infestations other than flies and eggs 
- Body may be more flexible 

2 – 3 Days 

- Eyes will be sunken or missing 
- May be infested with maggots, beetles, flies, and ants 
- Flesh and internal organs will begin to be scavenged by insects 

4 – 7 Days 

- Eyes will be completely gone 
- Most internal  organs will be missing 
- Bat may look like a hallow shell 
- Fur may begin to fall off the skin and bat may look like it expanded in size 
- Few maggots may be present but not prevalent 

7 – 14 Days 

- There is almost no meat left on body 
- Skin has conformed to the skeletal system  
- Body cavity should be devoid of insects 

> 2 Weeks to >  1 Month 
 - Wing membrane is either gone or deteriorating 
 - Exposed bones are bleached in appearance 
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Appendix B. Wind-energy facilities in North America with casualty data for bats, grouped by 
geographic region. 

 
 
WEST, Inc. 
Western EcoSystems Technology 
2003 Central Avenue  Cheyenne, Wyoming 82001 
Phone:  (307) 634-1756  Fax: (307) 637-6981 
 
 
Date:  January 12, 2011 
 
To:  Rhett Good 
 
Re:  Discriminant Function Analysis Methods for Fowler 
 
 
This memo summarizes the bat species discriminant function developed from a library of known bat calls 
obtained from Lynn Robbins (University of Missouri). There were 644 bat calls from 11 bat species used 
to develop the function. The average number of pulses per call is shown in Table 1. The “bnoise” filter 
was applied to the data in Analook (© Chris Corben) to remove extraneous data points, and pulse 
parameters were exported for analysis using standard Analook methods. The call parameters were 
summarized over all the pulses within a call, and a call was considered the sampling unit in the analysis. 
We use the median to summarize each call parameter, and in addition, the variance was used to 
summarize minimum frequency. 
  
Methods 
The call data were evaluated in context of the important assumptions of discriminant function analyses 
(Manly 2005). Four calls were outliers in multidimensional space and were removed. Four calls had 
extreme values for at least 3 variables, with extreme values defined as standardized scores greater than 
3 (or less than -3). Because the data set had significantly different sample sizes for each of the species, 
the homogeneity of the variance-covariance matricies was investigated to improve classification. The test 
for the homogeneity within covariance matricies was rejected (p<0.0001), and separate covariance 
matricies were used during classification. The tests available for evaluating homogeneity within 
covariance matrices are notoriously sensitive, so a randomization test was used to evaluate the influence 
of the normality and homogeneity assumptions on the model (Manly 2005). 
 
A canonical discriminate function was developed using a stepwise model selection procedure. There 
were 11 variables in the candidate variable list: median duration (Dur), median maximum frequency 
(Fmax), median minimum frequency (Fmin), variance of the minimum frequency (varFmin), median 
frequency (Fmean), median time to inflection point of pulse (Tk), median frequency at inflection point of 
pulse (Fk), median characteristic time (Tc), median characteristic frequency (Fc), median initial slope 
(S1), and median characteristic slope (Sc). Forward model selection was conducted with significance 
level to enter set at 0.15 and significance level to stay set at 0.15. Ten-fold cross-validation was used to 
determine classification rates of the model. 
 
The randomization test (RT) was conducted to determine if the model selection procedure and 
discriminate function model results were purely a chance effect of observations in a random order (Manly 
1997). To conduct the RT, the data were reordered 999 times with the bat species (response in the 
model) randomly assigned to each observation. The discriminant function was estimated for each 
reordered data set and 2 statistics were saved from each run: eigenvalues and Wilks’ Lambda. The 
distribution of these 999 values was the randomization distribution and a randomization test statistic was 
calculated as the number of these values that are as or more extreme than the observed statistic from the 
model with the actual data. Small values of the test statistic indicate the null hypothesis of chance effects 
is not true. 
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The classification equations are used to assign calls to a species group. The classification score for a call 
is calculated for each classification equation and the call is assigned to the species group for which the 
classification score is the highest. In the application to the Fowler data, calls were only classified to a 
species if the classification score (i.e. posterior probability) was at least 0.95, otherwise calls were labeled 
as “Other”.  Prior probabilities were assigned to inform the model predictions (Afifi and Clark 1996). Since 
two bat species, Myotis grisescens and Myotis leibii were not known to occur in the study area, the prior 
probability was set to zero. The remaining nine species were assigned equally probable values as prior 
probabilities.  Note that this has the effect of modifying the dividing points between species calls but does 
not change the linear equations or correct classification rate of the original model. 
 
Results 
The model selection procedure resulted in 10 variables entering and staying in the model, all in the 
candidate variable list except variance of Fmin. The model had a correct classification rate of 89% across 
all 11 species. The correct classification rates for individual species are in Table 2. Wilks’ lambda was 
used to test significance of the discriminant function as a whole. The statistic was significantly large 
(p<0.0001) indicating the model does discriminate among the 11 bat species. The randomization test of 
Wilks’ Lambda also concluded that the model results were not a function of pure chance (p=0.001). When 
the model was rerun with equal sample sizes to determine the sensitivity of the model predictions to the 
homogeneity assumption, the model classified the bat calls to the same species 87% of the time. 
 
The first eigenvalue accounted for 61% of the variance explained with the second accounting for 29% for 
a cumulative sum across the first two eigenvalues of 90%. The randomization test of the first three 
eigenvalues concluded that the model results were not a function of pure chance (p=0.001). The bat calls 
were plotted in the space of the first two canonical variates (discriminant functions) to show how they 
separate the groups (Figure 1). The first variable is positively correlated with minimum frequency, mean 
frequency and characteristic frequency and separates out the three low frequency species from the rest 
(EPFU, LACI, and LANO). The second and third variables are more important in separating the rest of the 
species (Figure 2). The second canonical variate is positively correlated with the characteristic slope. The 
third canonical variate is negatively correlated with mean frequency, inflection frequency, and maximum 
frequency. 
 
The classification equations for this model are in Table 3. Each row in Table 3 represents an equation, 
with the constant and a coefficient for each variable in the model. 
 
References 
Afifi, A.A., V. Clark. 1996. Computer-aided Multivariate Analyses, 3rd edition. Chapman and Hall, London.  

Manly, B.F.J. 1997.  Randomization, Bootstrap and Monte Carlo Methods in Biology.   Chapman and Hall, 
London.  

Manly, B.F.J. 2005. Multivariate Statistical Methods: A Primer, 3rd edition. Chapman and Hall, London.  

 
 
 
Shay Howlin 
Biometrician 
Western EcoSystems Technology, Inc. 
2003 Central Avenue 
Cheyenne, Wyoming  82001 
307.634.1756 
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Table 1. Number of calls and average number of pulses per call for each bat species used in the 
discriminant function analysis. 

Number Mean Number of 
95% Confidence 

Interval 
Species of Calls Pulses per Call Lower Upper 
EPFU 110 33.17 29.18 37.17 
LABO 46 34.70 27.88 41.51 
LACI 32 22.78 17.46 28.10 
LANO 34 23.24 16.92 29.55 
MYGR 62 57.94 44.09 71.78 
MYLE 12 37.50 29.87 45.13 
MYLU 68 38.31 33.23 43.39 
MYSE 50 36.88 31.12 42.64 
MYSO 93 37.60 32.93 42.28 
NYHU 15 26.00 21.19 30.81 
PESU 118 27.89 24.09 31.69 
 
 
 
 
Table 2. Percent correct classification rate for each species and all species combined. 

Species 

Total 
number of 

Calls 

Number of 
Correctly 
Classified 

Calls 

Percentage 
of Calls 

Correctly 
Classified 

EPFU 110 98 0.89 
LABO 46 32 0.70 
LACI 32 25 0.78 
LANO 34 27 0.79 
MYGR 62 60 0.97 
MYLE 12 8 0.67 
MYLU 68 66 0.97 
MYSE 50 45 0.90 
MYSO 93 83 0.89 
NYHU 15 12 0.80 
PESU 118 115 0.97 
Total 640 571 0.89 
 
 



  4 

Table 3.  Coefficients of the classification equations for the discriminant function. 
Species Constant Fmin Sc Fmean Dur Tk S1 Fk Fc Fmax Tc 
EPFU -225.48 14.89 -0.02 0.52 9.61 6.77 -0.01 -0.56 -0.33 -0.04 -4.66 
LABO -396.93 21.14 -0.18 -1.90 10.74 2.80 0.00 -2.40 2.35 0.70 -3.63 
LACI -192.46 14.10 -0.01 -0.47 8.98 -2.97 0.01 -1.55 0.54 0.14 0.91 
LANO -197.82 15.11 -0.09 -1.04 7.94 -0.51 0.01 -1.76 1.27 0.30 -1.51 
MYGR -532.34 22.75 -0.24 -1.28 10.26 1.48 -0.01 -0.37 0.99 0.91 -3.18 
MYLE -530.11 22.37 0.15 -1.25 11.13 2.00 0.02 -3.42 3.62 0.45 -2.45 
MYLU -424.25 20.44 -0.10 0.57 11.29 3.57 -0.01 1.45 -2.79 0.35 -4.92 
MYSE -456.76 17.88 0.28 -0.46 10.02 1.71 -0.05 -3.81 4.62 1.28 -1.50 
MYSO -446.05 20.04 0.02 0.40 11.78 3.35 -0.02 -2.35 1.95 0.51 -4.97 
NYHU -362.23 20.28 -0.20 -2.21 8.16 0.96 0.01 -2.69 2.95 0.70 -1.19 
PESU -491.35 23.71 -0.27 -2.81 10.76 1.13 0.02 -4.08 4.74 0.75 -3.07 
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Figure 1. Bat calls in the space of the first two canonical variates. 

 
Figure 2. Bat calls in the space of the second and third canonical variates. 

 
 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
041310-ERBA-459-1 4 /13/2010 08:22 eastern red bat carcass search 
041310-SHBA-113-1 4 /13/2010 11:10 silver-haired bat carcass search 
041310-ERBA-458-1 4 /13/2010 12:30 eastern red bat carcass search 
041410-SHBA-640-1 4 /14/2010 10:46 silver-haired bat carcass search 
041510-SHBA-628-1 4 /15/2010 15:19 silver-haired bat carcass search 
041610-ERBA-281-1 4 /16/2010 11:24 eastern red bat carcass search 
041810-ERBA-628-1 4 /18/2010 11:30 eastern red bat carcass search 
041910-ERBA-387-1 4 /19/2010 11:20 eastern red bat carcass search 
041910-ERBA-397-1 4 /19/2010 11:57 eastern red bat carcass search 
042010-SHBA-640-1 4 /20/2010 10:35 silver-haired bat carcass search 
042110-HOBA-230-1 4 /21/2010 08:57 hoary bat carcass search 
042110-ERBA-260-1 4 /21/2010 15:12 eastern red bat carcass search 
042210-ERBA-480-1 4 /22/2010 15:56 eastern red bat carcass search 
042310-ERBA-334-1 4 /23/2010 09:50 eastern red bat carcass search 
042310-SHBA-323-2 4 /23/2010 11:00 silver-haired bat carcass search 
042310-SHBA-614-3 4 /23/2010 14:25 silver-haired bat carcass search 
042410-ERBA-640-1 4 /24/2010 11:00 eastern red bat carcass search 
042610-SHBA-640-1 4 /26/2010 10:19 silver-haired bat carcass search 
042610-SHBA-24-1 4 /26/2010 11:55 silver-haired bat carcass search 
042610-SHBA-88-1 4 /26/2010 12:40 silver-haired bat carcass search 
042610-SHBA-26-1 4 /26/2010 12:55 silver-haired bat carcass search 
042910-ERBA-396-1 4 /29/2010 12:00 eastern red bat carcass search 
050110-ERBA-480-1 5 /1 /2010 16:15 eastern red bat carcass search 
050210-SHBA-628-1 5 /2 /2010 13:10 silver-haired bat carcass search 
050410-SHBA-216-1 5 /4 /2010 10:10 silver-haired bat carcass search 
050410-SHBA-24-1 5 /4 /2010 12:50 silver-haired bat carcass search 
050510-SHBA-314-1 5 /5 /2010 14:30 silver-haired bat carcass search 
050510-SHBA-625-1 5 /5 /2010 15:39 silver-haired bat carcass search 
050710-SHBA-614-1 5 /7 /2010 14:00 silver-haired bat carcass search 
051310-ERBA-622-1 5 /13/2010 11:56 eastern red bat carcass search 
051510-ERBA-251-2 5 /15/2010 12:55 eastern red bat carcass search 
080110-ERBA-314-1 8 /1 /2010 07:55 eastern red bat carcass search 
080110-ERBA-407-2 8 /1 /2010 08:35 eastern red bat carcass search 
080110-ERBA-230-1 8 /1 /2010 09:36 eastern red bat carcass search 
080110-ERBA-390-1 8 /1 /2010 09:56 eastern red bat carcass search 
080110-HOBA-642-1 8 /1 /2010 10:23 hoary bat carcass search 
080110-ERBA-459-2 8 /1 /2010 13:18 eastern red bat carcass search 
080110-ERBA-459-1 8 /1 /2010 13:22 eastern red bat carcass search 
080110-ERBA-628-1 8 /1 /2010 14:16 eastern red bat carcass search 
080110-ERBA-609-1 8 /1 /2010 15:33 eastern red bat carcass search 
080110-ERBA-286-1 8 /1 /2010 15:59 eastern red bat carcass search 
080210-BBBA-617-1 8 /2 /2010 07:41 big brown bat carcass search 
080210-HOBA-459-1 8 /2 /2010 08:01 hoary bat carcass search 
080210-ERBA-459-3 8 /2 /2010 08:06 eastern red bat carcass search 
080210-ERBA-459-2 8 /2 /2010 08:06 eastern red bat carcass search 
080210-ERBA-459-4 8 /2 /2010 08:08 eastern red bat carcass search 
080210-HOBA-602-2 8 /2 /2010 08:45 hoary bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
080210-ERBA-248-1 8 /2 /2010 09:03 eastern red bat carcass search 
080210-ERBA-480-1 8 /2 /2010 09:12 eastern red bat carcass search 
080210-HOBA-253-1 8 /2 /2010 09:42 hoary bat carcass search 
080210-ERBA-253-2 8 /2 /2010 09:53 eastern red bat carcass search 
080210-HOBA-245-3 8 /2 /2010 10:20 hoary bat carcass search 
080210-ERBA-229-1 8 /2 /2010 11:06 eastern red bat carcass search 
080210-HOBA-013-1 8 /2 /2010 11:59 hoary bat carcass search 
080210-ERBA-147-1 8 /2 /2010 13:45 eastern red bat carcass search 
080210-HOBA-314-1 8 /2 /2010 14:00 hoary bat carcass search 
080210-ERBA-047-1 8 /2 /2010 15:48 eastern red bat carcass search 
080210-ERBA-026-1 8 /2 /2010 15:50 eastern red bat carcass search 
080210-ERBA-065-1 8 /2 /2010 16:11 eastern red bat carcass search 
080310-ERBA-448-1 8 /3 /2010 12:51 eastern red bat carcass search 
080310-HOBA-281-1 8 /3 /2010 13:21 hoary bat carcass search 
080310-ERBA-281-2 8 /3 /2010 13:28 eastern red bat carcass search 
080310-ERBA-628-1 8 /3 /2010 15:45 eastern red bat carcass search 
080410-ERBA-459-2 8 /4 /2010 08:12 eastern red bat carcass search 
080410-ERBA-459-1 8 /4 /2010 08:12 eastern red bat carcass search 
080410-ERBA-087-1 8 /4 /2010 08:30 eastern red bat carcass search 
080410-ERBA-087-2 8 /4 /2010 08:36 eastern red bat carcass search 
080410-ERBA-087-3 8 /4 /2010 08:45 eastern red bat carcass search 
080410-ERBA-480-1 8 /4 /2010 09:20 eastern red bat carcass search 
080410-ERBA-056-1 8 /4 /2010 09:50 eastern red bat carcass search 
080410-ERBA-628-1 8 /4 /2010 09:51 eastern red bat carcass search 
080410-ERBA-628-2 8 /4 /2010 09:55 eastern red bat carcass search 
080410-ERBA-628-3 8 /4 /2010 10:00 eastern red bat carcass search 
080410-ERBA-628-4 8 /4 /2010 10:08 eastern red bat carcass search 
080410-ERBA-628-6 8 /4 /2010 10:20 eastern red bat carcass search 
080410-ERBA-048-1 8 /4 /2010 10:28 eastern red bat carcass search 
080410-ERBA-048-2 8 /4 /2010 10:30 eastern red bat carcass search 
080410-ERBA-480-1 8 /4 /2010 10:45 eastern red bat carcass search 
080410-BBBA-448-1 8 /4 /2010 10:55 big brown bat carcass search 
080410-ERBA-448-2 8 /4 /2010 10:55 eastern red bat carcass search 
080410-ERBA-448-3 8 /4 /2010 10:57 eastern red bat carcass search 
080410-ERBA-083-1 8 /4 /2010 11:13 eastern red bat carcass search 
080410-ERBA-073-1 8 /4 /2010 11:39 eastern red bat carcass search 
080410-ERBA-414-1 8 /4 /2010 12:00 eastern red bat carcass search 
080410-ERBA-281-1 8 /4 /2010 13:04 eastern red bat carcass search 
080410-ERBA-024-1 8 /4 /2010 14:07 eastern red bat carcass search 
080410-ERBA-387-1 8 /4 /2010 14:13 eastern red bat carcass search 
080410-ERBA-387-2 8 /4 /2010 14:17 eastern red bat carcass search 
080410-ERBA-371-1 8 /4 /2010 15:22 eastern red bat carcass search 
080410-ERBA-314-1 8 /4 /2010 15:44 eastern red bat carcass search 
080410-ERBA-314-2 8 /4 /2010 15:58 eastern red bat carcass search 
080410-ERBA-314-3 8 /4 /2010 16:01 eastern red bat carcass search 
080410-ERBA-314-4 8 /4 /2010 16:03 eastern red bat carcass search 
080410-HOBA-230-1 8 /4 /2010 16:06 hoary bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
080410-HOBA-230-2 8 /4 /2010 16:10 hoary bat carcass search 
080510-ERBA-480-1 8 /5 /2010 10:55 eastern red bat carcass search 
080510-ERBA-048-1 8 /5 /2010 12:15 eastern red bat carcass search 
080510-ERBA-230-1 8 /5 /2010 12:44 eastern red bat carcass search 
080510-ERBA-056-1 8 /5 /2010 13:11 eastern red bat carcass search 
080510-ERBA-087-1 8 /5 /2010 13:45 eastern red bat carcass search 
080510-ERBA-314-1 8 /5 /2010 14:30 eastern red bat carcass search 
080510-ERBA-314-2 8 /5 /2010 14:35 eastern red bat carcass search 
080510-ERBA-314-3 8 /5 /2010 14:40 eastern red bat carcass search 
080610-BBBA-339-1 8 /6 /2010 07:51 big brown bat carcass search 
080610-ERBA-314-1 8 /6 /2010 08:20 eastern red bat carcass search 
080610-HOBA-355-1 8 /6 /2010 08:21 hoary bat carcass search 
080610-ERBA-056-1 8 /6 /2010 08:35 eastern red bat carcass search 
080610-ERBA-388-1 8 /6 /2010 08:40 eastern red bat carcass search 
080610-ERBA-388-2 8 /6 /2010 08:42 eastern red bat carcass search 
080610-ERBA-419-1 8 /6 /2010 09:18 eastern red bat carcass search 
080610-ERBA-323-1 8 /6 /2010 09:30 eastern red bat carcass search 
080610-ERBA-443-1 8 /6 /2010 09:42 eastern red bat carcass search 
080610-ERBA-426-1 8 /6 /2010 10:37 eastern red bat carcass search 
080610-ERBA-426-2 8 /6 /2010 10:38 eastern red bat carcass search 
080610-ERBA-095-1 8 /6 /2010 10:56 eastern red bat carcass search 
080610-ERBA-397-1 8 /6 /2010 11:19 eastern red bat carcass search 
080610-ERBA-088-1 8 /6 /2010 11:54 eastern red bat carcass search 
080610-ERBA-309-1 8 /6 /2010 12:06 eastern red bat carcass search 
080610-ERBA-309-2 8 /6 /2010 12:07 eastern red bat carcass search 
080610-ERBA-454-1 8 /6 /2010 13:11 eastern red bat carcass search 
080610-ERBA-123-1 8 /6 /2010 13:17 eastern red bat carcass search 
080610-ERBA-414-1 8 /6 /2010 13:30 eastern red bat carcass search 
080610-ERBA-628-1 8 /6 /2010 13:48 eastern red bat carcass search 
080610-ERBA-459-1 8 /6 /2010 14:15 eastern red bat carcass search 
080610-HOBA-398-1 8 /6 /2010 14:39 hoary bat carcass search 
080610-ERBA-379-1 8 /6 /2010 15:03 eastern red bat carcass search 
080610-ERBA-379-2 8 /6 /2010 15:04 eastern red bat carcass search 
080610-ERBA-379-3 8 /6 /2010 15:06 eastern red bat carcass search 
080610-ERBA-379-4 8 /6 /2010 15:08 eastern red bat carcass search 
080610-ERBA-448-1 8 /6 /2010 15:45 eastern red bat carcass search 
080610-ERBA-369-1 8 /6 /2010 16:28 eastern red bat carcass search 
080710-ERBA-476-1 8 /7 /2010 07:02 eastern red bat carcass search 
080710-ERBA-476-2 8 /7 /2010 07:04 eastern red bat carcass search 
080710-ERBA-476-3 8 /7 /2010 07:05 eastern red bat carcass search 
080710-ERBA-420-1 8 /7 /2010 08:04 eastern red bat carcass search 
080710-ERBA-420-2 8 /7 /2010 08:05 eastern red bat carcass search 
080710-ERBA-390-1 8 /7 /2010 08:38 eastern red bat carcass search 
080710-ERBA-639-1 8 /7 /2010 09:22 eastern red bat carcass search 
080710-ERBA-635-1 8 /7 /2010 09:47 eastern red bat carcass search 
080710-ERBA-414-1 8 /7 /2010 09:50 eastern red bat carcass search 
080710-ERBA-625-1 8 /7 /2010 10:10 eastern red bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
080710-ERBA-625-2 8 /7 /2010 10:11 eastern red bat carcass search 
080710-ERBA-098-1 8 /7 /2010 10:31 eastern red bat carcass search 
080710-LBBA-622-1 8 /7 /2010 10:52 little brown bat carcass search 
080710-BBBA-622-2 8 /7 /2010 10:53 big brown bat carcass search 
080710-ERBA-083-1 8 /7 /2010 11:30 eastern red bat carcass search 
080710-ERBA-329-1 8 /7 /2010 12:00 eastern red bat carcass search 
080710-ERBA-230-1 8 /7 /2010 12:30 eastern red bat carcass search 
080710-BBBA-609-1 8 /7 /2010 12:40 big brown bat carcass search 
080710-ERBA-607-1 8 /7 /2010 13:08 eastern red bat carcass search 
080710-ERBA-607-3 8 /7 /2010 13:09 eastern red bat carcass search 
080710-HOBA-607-2 8 /7 /2010 13:09 hoary bat carcass search 
080710-HOBA-607-4 8 /7 /2010 13:10 hoary bat carcass search 
080710-ERBA-620-1 8 /7 /2010 13:57 eastern red bat carcass search 
080710-HOBA-253-1 8 /7 /2010 14:45 hoary bat carcass search 
080710-BBBA-628-1 8 /7 /2010 15:25 big brown bat carcass search 
080710-ERBA-216-1 8 /7 /2010 15:27 eastern red bat carcass search 
080710-ERBA-229-1 8 /7 /2010 15:57 eastern red bat carcass search 
080710-HOBA-245-1 8 /7 /2010 16:16 hoary bat carcass search 
080710-ERBA-245-2 8 /7 /2010 16:20 eastern red bat carcass search 
080710-ERBA-227-1 8 /7 /2010 16:46 eastern red bat carcass search 
080710-ERBA-198-1 8 /7 /2010 17:11 eastern red bat carcass search 
080710-HOBA-198-2 8 /7 /2010 17:12 hoary bat carcass search 
080710-ERBA-193-1 8 /7 /2010 17:35 eastern red bat carcass search 
080710-ERBA-193-2 8 /7 /2010 17:36 eastern red bat carcass search 
080710-ERBA-602-1 8 /7 /2010 18:19 eastern red bat carcass search 
080810-ERBA-045-1 8 /8 /2010 07:28 eastern red bat carcass search 
080810-ERBA-448-1 8 /8 /2010 08:19 eastern red bat carcass search 
080810-ERBA-448-2 8 /8 /2010 08:28 eastern red bat carcass search 
080810-ERBA-047-1 8 /8 /2010 08:45 eastern red bat carcass search 
080810-HOBA-035-1 8 /8 /2010 10:23 hoary bat carcass search 
080810-HOBA-065-1 8 /8 /2010 10:52 hoary bat carcass search 
080810-ERBA-090-1 8 /8 /2010 11:23 eastern red bat carcass search 
080810-ERBA-218-1 8 /8 /2010 12:08 eastern red bat carcass search 
080810-ERBA-152-1 8 /8 /2010 12:46 eastern red bat carcass search 
080810-SHBA-371-1 8 /8 /2010 12:52 silver-haired bat carcass search 
080810-BBBA-014-1 8 /8 /2010 13:07 big brown bat carcass search 
080810-ERBA-092-2 8 /8 /2010 13:18 eastern red bat carcass search 
080810-ERBA-007-1 8 /8 /2010 13:29 eastern red bat carcass search 
080810-ERBA-003-1 8 /8 /2010 14:12 eastern red bat carcass search 
080810-ERBA-173-1 8 /8 /2010 14:41 eastern red bat carcass search 
080810-ERBA-173-2 8 /8 /2010 14:44 eastern red bat carcass search 
080810-HOBA-127-1 8 /8 /2010 15:11 hoary bat carcass search 
080910-ERBA-480-1 8 /9 /2010 08:30 eastern red bat carcass search 
080910-ERBA-048-1 8 /9 /2010 09:25 eastern red bat carcass search 
080910-ERBA-281-1 8 /9 /2010 09:50 eastern red bat carcass search 
080910-HOBA-458-1 8 /9 /2010 12:38 hoary bat carcass search 
081110-ERBA-414-1 8 /11/2010 13:28 eastern red bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
081110-ERBA-459-2 8 /11/2010 13:55 eastern red bat carcass search 
081110-ERBA-113-1 8 /11/2010 14:25 eastern red bat carcass search 
081110-ERBA-480-3 8 /11/2010 14:30 eastern red bat carcass search 
081110-ERBA-480-1 8 /11/2010 14:30 eastern red bat carcass search 
081110-ERBA-480-2 8 /11/2010 14:30 eastern red bat carcass search 
081110-ERBA-630-1 8 /11/2010 16:20 eastern red bat carcass search 
081210-ERBA-123-1 8 /12/2010 08:00 eastern red bat carcass search 
081210-ERBA-088-1 8 /12/2010 09:30 eastern red bat carcass search 
081210-HOBA-414-1 8 /12/2010 10:20 hoary bat carcass search 
081210-ERBA-414-2 8 /12/2010 10:25 eastern red bat carcass search 
081210-ERBA-260-1 8 /12/2010 13:36 eastern red bat carcass search 
081210-ERBA-251-1 8 /12/2010 14:34 eastern red bat carcass search 
081210-ERBA-459-1 8 /12/2010 15:15 eastern red bat incidental find 
081210-ERBA-609-1 8 /12/2010 16:04 eastern red bat incidental find 
081210-ERBA-609-2 8 /12/2010 16:11 eastern red bat incidental find 
081310-BBBA-609-1 8 /13/2010 08:54 big brown bat incidental find 
081310-ERBA-609-2 8 /13/2010 08:57 eastern red bat incidental find 
081310-ERBA-480-1 8 /13/2010 09:20 eastern red bat carcass search 
081310-HOBA-480-1 8 /13/2010 09:22 hoary bat carcass search 
081310-ERBA-230-1 8 /13/2010 10:36 eastern red bat carcass search 
081310-ERBA-230-2 8 /13/2010 10:46 eastern red bat carcass search 
081310-HOBA-448-1 8 /13/2010 10:52 hoary bat carcass search 
081310-HOBA-230-3 8 /13/2010 10:53 hoary bat carcass search 
081310-ERBA-396-1 8 /13/2010 12:00 eastern red bat carcass search 
081310-ERBA-260-1 8 /13/2010 12:54 eastern red bat carcass search 
081310-ERBA-414-1 8 /13/2010 13:10 eastern red bat carcass search 
081310-ERBA-388-1 8 /13/2010 13:54 eastern red bat incidental find 
081310-ERBA-085-1 8 /13/2010 15:13 eastern red bat carcass search 
081310-BBBA-047-1 8 /13/2010 15:41 big brown bat carcass search 
081310-ERBA-627-1 8 /13/2010 15:41 eastern red bat incidental find 
081310-ERBA-075-1 8 /13/2010 16:11 eastern red bat carcass search 
081310-ERBA-068-1 8 /13/2010 16:37 eastern red bat carcass search 
081310-BBBA-639-1 8 /13/2010 17:29 big brown bat incidental find 
081410-ERBA-642-1 8 /14/2010 07:30 eastern red bat carcass search 
081410-ERBA-628-1 8 /14/2010 08:45 eastern red bat carcass search 
081410-ERBA-611-1 8 /14/2010 08:54 eastern red bat carcass search 
081410-ERBA-459-1 8 /14/2010 08:54 eastern red bat incidental find 
081410-BBBA-628-2 8 /14/2010 08:56 big brown bat carcass search 
081410-ERBA-254-1 8 /14/2010 09:51 eastern red bat carcass search 
081410-ERBA-203-2 8 /14/2010 10:23 eastern red bat carcass search 
081410-ERBA-230-2 8 /14/2010 10:25 eastern red bat incidental find 
081410-HOBA-230-1 8 /14/2010 10:25 hoary bat incidental find 
081410-ERBA-152-1 8 /14/2010 11:05 eastern red bat carcass search 
081410-ERBA-407-2 8 /14/2010 11:15 eastern red bat carcass search 
081410-ERBA-260-1 8 /14/2010 11:20 eastern red bat carcass search 
081410-HOBA-048-1 8 /14/2010 11:22 hoary bat carcass search 
081410-ERBA-173-1 8 /14/2010 11:52 eastern red bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
081410-ERBA-113-2 8 /14/2010 13:25 eastern red bat carcass search 
081410-HOBA-224-1 8 /14/2010 13:29 hoary bat carcass search 
081410-ERBA-113-3 8 /14/2010 13:30 eastern red bat carcass search 
081410-ERBA-224-2 8 /14/2010 13:31 eastern red bat carcass search 
081410-ERBA-113-1 8 /14/2010 13:35 eastern red bat carcass search 
081410-ERBA-387-1 8 /14/2010 13:40 eastern red bat carcass search 
081410-ERBA-193-1 8 /14/2010 13:58 eastern red bat carcass search 
081410-ERBA-607-1 8 /14/2010 14:53 eastern red bat carcass search 
081410-HOBA-414-1 8 /14/2010 15:10 hoary bat carcass search 
081410-ERBA-329-1 8 /14/2010 15:24 eastern red bat carcass search 
081410-ERBA-459-1 8 /14/2010 15:44 eastern red bat carcass search 
081410-ERBA-459-2 8 /14/2010 15:50 eastern red bat carcass search 
081410-ERBA-480-1 8 /14/2010 16:40 eastern red bat carcass search 
081510-ERBA-420-1 8 /15/2010 07:47 eastern red bat carcass search 
081510-ERBA-476-2 8 /15/2010 08:37 eastern red bat carcass search 
081510-ERBA-476-4 8 /15/2010 08:41 eastern red bat carcass search 
081510-ERBA-476-3 8 /15/2010 08:41 eastern red bat carcass search 
081510-ERBA-414-1 8 /15/2010 10:20 eastern red bat carcass search 
081510-ERBA-414-2 8 /15/2010 10:24 eastern red bat carcass search 
081510-ERBA-352-1 8 /15/2010 10:42 eastern red bat carcass search 
081510-ERBA-352-2 8 /15/2010 10:44 eastern red bat carcass search 
081510-HOBA-095-1 8 /15/2010 11:01 hoary bat carcass search 
081510-ERBA-095-2 8 /15/2010 11:11 eastern red bat carcass search 
081510-ERBA-379-1 8 /15/2010 11:15 eastern red bat carcass search 
081510-ERBA-095-3 8 /15/2010 11:16 eastern red bat carcass search 
081510-HOBA-098-1 8 /15/2010 11:58 hoary bat carcass search 
081510-ERBA-098-2 8 /15/2010 12:05 eastern red bat carcass search 
081510-ERBA-401-1 8 /15/2010 12:13 eastern red bat carcass search 
081510-ERBA-073-2 8 /15/2010 12:40 eastern red bat carcass search 
081510-HOBA-630-1 8 /15/2010 12:48 hoary bat carcass search 
081510-ERBA-426-1 8 /15/2010 13:00 eastern red bat carcass search 
081510-ERBA-426-3 8 /15/2010 13:00 eastern red bat carcass search 
081510-HOBA-056-1 8 /15/2010 13:50 hoary bat carcass search 
081510-ERBA-477-1 8 /15/2010 14:16 eastern red bat carcass search 
081510-ERBA-443-1 8 /15/2010 14:36 eastern red bat carcass search 
081510-ERBA-419-1 8 /15/2010 14:53 eastern red bat carcass search 
081510-ERBA-419-2 8 /15/2010 14:55 eastern red bat carcass search 
081510-HOBA-339-1 8 /15/2010 15:36 hoary bat carcass search 
081610-ERBA-630-1 8 /16/2010 09:05 eastern red bat carcass search 
081610-HOBA-630-1 8 /16/2010 09:12 hoary bat carcass search 
081610-ERBA-603-1 8 /16/2010 10:17 eastern red bat carcass search 
081610-ERBA-396-1 8 /16/2010 10:34 eastern red bat carcass search 
081610-HOBA-006-1 8 /16/2010 14:02 hoary bat carcass search 
081610-ERBA-006-2 8 /16/2010 14:10 eastern red bat carcass search 
081710-ERBA-056-1 8 /17/2010 08:34 eastern red bat carcass search 
081710-ERBA-048-1 8 /17/2010 09:07 eastern red bat carcass search 
081710-ERBA-073-1 8 /17/2010 10:02 eastern red bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
081710-ERBA-396-2 8 /17/2010 10:40 eastern red bat carcass search 
081710-ERBA-396-1 8 /17/2010 10:45 eastern red bat carcass search 
081710-ERBA-396-3 8 /17/2010 10:50 eastern red bat carcass search 
081810-ERBA-630-1 8 /18/2010 08:45 eastern red bat carcass search 
081810-ERBA-230-1 8 /18/2010 09:15 eastern red bat incidental find 
081810-ERBA-083-1 8 /18/2010 10:20 eastern red bat carcass search 
081810-ERBA-095-1 8 /18/2010 11:27 eastern red bat carcass search 
081910-ERBA-459-1 8 /19/2010 08:00 eastern red bat carcass search 
081910-ERBA-459-1 8 /19/2010 08:25 eastern red bat carcass search 
081910-ERBA-048-1 8 /19/2010 12:10 eastern red bat carcass search 
081910-HOBA-281-1 8 /19/2010 13:18 hoary bat carcass search 
081910-ERBA-281-2 8 /19/2010 13:26 eastern red bat carcass search 
081910-HOBA-625-1 8 /19/2010 13:38 hoary bat incidental find 
081910-HOBA-625-2 8 /19/2010 13:47 hoary bat incidental find 
081910-HOBA-628-1 8 /19/2010 14:09 hoary bat carcass search 
081910-ERBA-630-1 8 /19/2010 14:43 eastern red bat carcass search 
082010-HOBA-602-1 8 /20/2010 08:03 hoary bat carcass search 
082010-ERBA-248-1 8 /20/2010 08:22 eastern red bat carcass search 
082010-ERBA-630-1 8 /20/2010 08:40 eastern red bat carcass search 
082010-HOBA-203-1 8 /20/2010 09:27 hoary bat incidental find 
082010-HOBA-281-1 8 /20/2010 09:27 hoary bat carcass search 
082010-HOBA-414-1 8 /20/2010 10:02 hoary bat carcass search 
082010-ERBA-251-1 8 /20/2010 10:40 eastern red bat carcass search 
082010-ERBA-116-1 8 /20/2010 10:49 eastern red bat carcass search 
082010-ERBA-620-1 8 /20/2010 10:57 eastern red bat carcass search 
082010-BBBA-603-1 8 /20/2010 11:30 big brown bat carcass search 
082010-ERBA-603-2 8 /20/2010 11:35 eastern red bat carcass search 
082010-ERBA-639-1 8 /20/2010 11:44 eastern red bat carcass search 
082010-ERBA-614-1 8 /20/2010 12:05 eastern red bat carcass search 
082010-ERBA-635-1 8 /20/2010 12:06 eastern red bat carcass search 
082010-ERBA-635-2 8 /20/2010 12:10 eastern red bat carcass search 
082010-ERBA-286-1 8 /20/2010 13:35 eastern red bat carcass search 
082010-HOBA-611-1 8 /20/2010 13:37 hoary bat carcass search 
082010-ERBA-480-1 8 /20/2010 13:45 eastern red bat carcass search 
082010-HOBA-459-1 8 /20/2010 14:24 hoary bat carcass search 
082010-ERBA-459-2 8 /20/2010 14:33 eastern red bat carcass search 
082010-TRBA-254-1 8 /20/2010 15:04 tricolored bat carcass search 
082110-HOBA-448-1 8 /21/2010 08:50 hoary bat carcass search 
082110-ERBA-354-1 8 /21/2010 09:40 eastern red bat carcass search 
082110-HOBA-459-1 8 /21/2010 10:43 hoary bat carcass search 
082110-ERBA-414-1 8 /21/2010 11:24 eastern red bat carcass search 
082110-BBBA-401-1 8 /21/2010 12:09 big brown bat carcass search 
082110-ERBA-388-1 8 /21/2010 13:39 eastern red bat carcass search 
082110-HOBA-419-1 8 /21/2010 13:58 hoary bat carcass search 
082110-ERBA-419-2 8 /21/2010 13:59 eastern red bat carcass search 
082110-HOBA-419-3 8 /21/2010 14:00 hoary bat carcass search 
082110-ERBA-477-1 8 /21/2010 14:57 eastern red bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
082210-LBBA-014-1 8 /22/2010 11:14 little brown bat carcass search 
082210-ERBA-007-1 8 /22/2010 11:36 eastern red bat carcass search 
082210-ERBA-090-1 8 /22/2010 12:50 eastern red bat carcass search 
082210-BBBA-640-1 8 /22/2010 12:56 big brown bat carcass search 
082210-ERBA-230-1 8 /22/2010 13:14 eastern red bat carcass search 
082210-ERBA-082-1 8 /22/2010 13:31 eastern red bat carcass search 
082310-ERBA-195-1 8 /23/2010 09:25 eastern red bat carcass search 
082310-ERBA-230-1 8 /23/2010 10:03 eastern red bat carcass search 
082310-ERBA-113-1 8 /23/2010 11:20 eastern red bat carcass search 
082310-ERBA-113-2 8 /23/2010 11:25 eastern red bat carcass search 
082310-BBBA-281-1 8 /23/2010 11:31 big brown bat carcass search 
082310-ERBA-251-1 8 /23/2010 12:17 eastern red bat carcass search 
082410-ERBA-314-1 8 /24/2010 07:50 eastern red bat carcass search 
082410-ERBA-314-2 8 /24/2010 08:00 eastern red bat carcass search 
082410-ERBA-414-1 8 /24/2010 09:57 eastern red bat carcass search 
082410-SHBA-095-1 8 /24/2010 11:13 silver-haired bat carcass search 
082410-BBBA-095-2 8 /24/2010 11:21 big brown bat carcass search 
082410-ERBA-095-3 8 /24/2010 11:30 eastern red bat carcass search 
082410-SHBA-088-1 8 /24/2010 12:29 silver-haired bat carcass search 
082410-ERBA-006-1 8 /24/2010 13:37 eastern red bat carcass search 
082510-ERBA-024-1 8 /25/2010 08:50 eastern red bat carcass search 
082510-HOBA-371-1 8 /25/2010 11:30 hoary bat carcass search 
082510-ERBA-628-1 8 /25/2010 13:00 eastern red bat carcass search 
082510-HOBA-620-1 8 /25/2010 14:54 hoary bat incidental find 
082610-ERBA-459-1 8 /26/2010 08:30 eastern red bat carcass search 
082610-ERBA-459-3 8 /26/2010 08:35 eastern red bat carcass search 
082610-ERBA-459-2 8 /26/2010 08:35 eastern red bat carcass search 
082610-ERBA-630-1 8 /26/2010 08:43 eastern red bat carcass search 
082610-ERBA-630-2 8 /26/2010 08:49 eastern red bat carcass search 
082610-ERBA-628-1 8 /26/2010 09:17 eastern red bat carcass search 
082610-ERBA-628-2 8 /26/2010 09:25 eastern red bat carcass search 
082610-ERBA-314-1 8 /26/2010 10:30 eastern red bat carcass search 
082610-TRBA-603-1 8 /26/2010 10:40 tricolored bat carcass search 
082710-ERBA-477-1 8 /27/2010 07:47 eastern red bat carcass search 
082710-SHBA-314-1 8 /27/2010 08:16 silver-haired bat carcass search 
082710-ERBA-419-1 8 /27/2010 08:17 eastern red bat carcass search 
082710-HOBA-388-1 8 /27/2010 08:37 hoary bat carcass search 
082710-SHBA-388-2 8 /27/2010 08:38 silver-haired bat carcass search 
082710-ERBA-388-3 8 /27/2010 08:40 eastern red bat carcass search 
082710-ERBA-387-1 8 /27/2010 09:54 eastern red bat carcass search 
082710-ERBA-397-1 8 /27/2010 10:32 eastern red bat carcass search 
082710-ERBA-635-1 8 /27/2010 10:40 eastern red bat incidental find 
082710-ERBA-048-1 8 /27/2010 11:05 eastern red bat carcass search 
082710-HOBA-454-1 8 /27/2010 11:06 hoary bat carcass search 
082710-ERBA-478-1 8 /27/2010 11:29 eastern red bat carcass search 
082710-ERBA-379-1 8 /27/2010 13:03 eastern red bat carcass search 
082710-ERBA-459-1 8 /27/2010 13:57 eastern red bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
082710-ERBA-628-2 8 /27/2010 15:28 eastern red bat carcass search 
082810-ERBA-448-1 8 /28/2010 08:19 eastern red bat carcass search 
082810-ERBA-628-1 8 /28/2010 08:50 eastern red bat carcass search 
082810-ERBA-640-1 8 /28/2010 09:00 eastern red bat carcass search 
082810-ERBA-458-1 8 /28/2010 09:40 eastern red bat carcass search 
082810-ERBA-224-1 8 /28/2010 11:10 eastern red bat incidental find 
082810-ERBA-414-1 8 /28/2010 11:37 eastern red bat carcass search 
082810-ERBA-033-1 8 /28/2010 11:55 eastern red bat carcass search 
082810-ERBA-050-1 8 /28/2010 12:51 eastern red bat carcass search 
082810-ERBA-478-1 8 /28/2010 13:42 eastern red bat incidental find 
082810-HOBA-009-1 8 /28/2010 15:03 hoary bat carcass search 
082910-ERBA-156-1 8 /29/2010 07:42 eastern red bat carcass search 
082910-ERBA-248-1 8 /29/2010 08:38 eastern red bat incidental find 
082910-HOBA-147-1 8 /29/2010 08:50 hoary bat carcass search 
082910-ERBA-602-1 8 /29/2010 09:02 eastern red bat carcass search 
082910-ERBA-448-1 8 /29/2010 09:40 eastern red bat carcass search 
082910-ERBA-033-1 8 /29/2010 09:47 eastern red bat carcass search 
082910-HOBA-607-1 8 /29/2010 10:15 hoary bat carcass search 
082910-ERBA-607-2 8 /29/2010 10:16 eastern red bat carcass search 
082910-ERBA-640-1 8 /29/2010 10:25 eastern red bat carcass search 
082910-ERBA-281-1 8 /29/2010 10:26 eastern red bat carcass search 
082910-BBBA-245-2 8 /29/2010 11:07 big brown bat carcass search 
082910-ERBA-245-1 8 /29/2010 11:07 eastern red bat carcass search 
082910-ERBA-245-3 8 /29/2010 11:08 eastern red bat carcass search 
082910-HOBA-414-1 8 /29/2010 11:28 hoary bat carcass search 
082910-HOBA-227-1 8 /29/2010 11:50 hoary bat carcass search 
082910-HOBA-371-1 8 /29/2010 12:04 hoary bat carcass search 
082910-ERBA-630-1 8 /29/2010 12:06 eastern red bat carcass search 
082910-ERBA-173-1 8 /29/2010 12:16 eastern red bat carcass search 
082910-ERBA-048-1 8 /29/2010 13:00 eastern red bat carcass search 
082910-ERBA-286-1 8 /29/2010 13:46 eastern red bat carcass search 
082910-ERBA-625-1 8 /29/2010 15:23 eastern red bat carcass search 
083010-ERBA-459-1 8 /30/2010 08:50 eastern red bat carcass search 
083010-ERBA-630-1 8 /30/2010 08:55 eastern red bat carcass search 
083010-ERBA-480-1 8 /30/2010 10:00 eastern red bat carcass search 
083010-HOBA-095-1 8 /30/2010 13:17 hoary bat carcass search 
083010-ERBA-147-1 8 /30/2010 13:18 eastern red bat carcass search 
083010-ERBA-024-1 8 /30/2010 13:42 eastern red bat carcass search 
083110-ERBA-628-1 8 /31/2010 08:15 eastern red bat carcass search 
083110-ERBA-218-1 8 /31/2010 11:58 eastern red bat carcass search 
090110-HOBA-024-1 9 /1 /2010 12:20 hoary bat carcass search 
090110-ERBA-334-1 9 /1 /2010 13:15 eastern red bat carcass search 
090210-ERBA-628-2 9 /2 /2010 08:45 eastern red bat carcass search 
090210-BBBA-628-1 9 /2 /2010 08:50 big brown bat carcass search 
090210-ERBA-112-1 9 /2 /2010 09:27 eastern red bat incidental find 
090310-ERBA-625-1 9 /3 /2010 08:17 eastern red bat carcass search 
090310-HOBA-216-1 9 /3 /2010 12:13 hoary bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
090310-ERBA-245-1 9 /3 /2010 13:03 eastern red bat carcass search 
090310-HOBA-387-1 9 /3 /2010 13:04 hoary bat carcass search 
090310-HOBA-156-1 9 /3 /2010 13:58 hoary bat carcass search 
090410-SHBA-614-1 9 /4 /2010 08:05 silver-haired bat carcass search 
090410-ERBA-628-1 9 /4 /2010 09:00 eastern red bat carcass search 
090410-SHBA-048-1 9 /4 /2010 09:00 silver-haired bat carcass search 
090410-HOBA-098-1 9 /4 /2010 10:17 hoary bat carcass search 
090410-ERBA-443-1 9 /4 /2010 13:23 eastern red bat carcass search 
090510-HOBA-113-1 9 /5 /2010 10:05 hoary bat carcass search 
090510-HOBA-048-1 9 /5 /2010 12:20 hoary bat carcass search 
090510-ERBA-014-1 9 /5 /2010 14:16 eastern red bat carcass search 
090610-HOBA-614-1 9 /6 /2010 08:15 hoary bat carcass search 
090610-HOBA-281-1 9 /6 /2010 09:45 hoary bat carcass search 
090610-SHBA-640-1 9 /6 /2010 11:05 silver-haired bat carcass search 
090610-ERBA-459-1 9 /6 /2010 13:32 eastern red bat carcass search 
090610-SHBA-459-2 9 /6 /2010 13:37 silver-haired bat carcass search 
090710-SHBA-640-1 9 /7 /2010 09:30 silver-haired bat carcass search 
090710-ERBA-640-1 9 /7 /2010 11:10 eastern red bat carcass search 
090710-SHBA-448-1 9 /7 /2010 12:12 silver-haired bat carcass search 
090710-SHBA-614-1 9 /7 /2010 12:17 silver-haired bat carcass search 
090710-HOBA-630-1 9 /7 /2010 12:55 hoary bat carcass search 
090810-HOBA-260-1 9 /8 /2010 10:43 hoary bat carcass search 
090810-SHBA-195-1 9 /8 /2010 12:15 silver-haired bat carcass search 
090810-ERBA-048-1 9 /8 /2010 12:25 eastern red bat carcass search 
090810-HOBA-006-1 9 /8 /2010 13:10 hoary bat carcass search 
090910-SHBA-371-1 9 /9 /2010 10:50 silver-haired bat carcass search 
090910-SHBA-088-1 9 /9 /2010 12:10 silver-haired bat carcass search 
091010-ERBA-371-1 9 /10/2010 08:40 eastern red bat carcass search 
091010-HOBA-443-1 9 /10/2010 08:50 hoary bat carcass search 
091010-HOBA-477-1 9 /10/2010 09:07 hoary bat carcass search 
091010-SHBA-401-1 9 /10/2010 10:22 silver-haired bat carcass search 
091010-SHBA-401-2 9 /10/2010 10:22 silver-haired bat carcass search 
091010-ERBA-432-1 9 /10/2010 11:44 eastern red bat carcass search 
091110-ERBA-045-1 9 /11/2010 07:55 eastern red bat carcass search 
091110-HOBA-603-1 9 /11/2010 10:26 hoary bat carcass search 
091110-ERBA-260-1 9 /11/2010 11:45 eastern red bat carcass search 
091110-HOBA-088-1 9 /11/2010 12:18 hoary bat carcass search 
091110-HOBA-625-1 9 /11/2010 12:25 hoary bat incidental find 
091110-SHBA-125-1 9 /11/2010 12:31 silver-haired bat carcass search 
091110-SHBA-628-1 9 /11/2010 13:05 silver-haired bat carcass search 
091110-ERBA-628-2 9 /11/2010 13:10 eastern red bat carcass search 
091110-HOBA-116-1 9 /11/2010 13:22 hoary bat carcass search 
091210-ERBA-635-1 9 /12/2010 07:49 eastern red bat carcass search 
091210-SHBA-628-1 9 /12/2010 08:23 silver-haired bat carcass search 
091210-ERBA-622-1 9 /12/2010 08:52 eastern red bat carcass search 
091210-ERBA-088-1 9 /12/2010 10:22 eastern red bat carcass search 
091210-SHBA-607-1 9 /12/2010 10:33 silver-haired bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
091210-ERBA-152-1 9 /12/2010 12:21 eastern red bat carcass search 
091210-ERBA-152-2 9 /12/2010 12:22 eastern red bat carcass search 
091210-SHBA-087-1 9 /12/2010 14:05 silver-haired bat carcass search 
091310-ERBA-625-1 9 /13/2010 09:05 eastern red bat incidental find 
091310-SHBA-458-1 9 /13/2010 09:15 silver-haired bat carcass search 
091310-ERBA-640-1 9 /13/2010 09:59 eastern red bat carcass search 
091310-SHBA-628-1 9 /13/2010 11:52 silver-haired bat carcass search 
091310-SHBA-371-1 9 /13/2010 12:00 silver-haired bat carcass search 
091410-SHBA-087-1 9 /14/2010 08:40 silver-haired bat carcass search 
091410-ERBA-630-1 9 /14/2010 08:44 eastern red bat carcass search 
091410-SHBA-056-1 9 /14/2010 09:02 silver-haired bat carcass search 
091410-SHBA-603-1 9 /14/2010 09:45 silver-haired bat carcass search 
091410-ERBA-048-1 9 /14/2010 10:22 eastern red bat carcass search 
091410-SHBA-281-1 9 /14/2010 10:40 silver-haired bat carcass search 
091410-SHBA-260-1 9 /14/2010 11:10 silver-haired bat carcass search 
091410-ERBA-448-1 9 /14/2010 13:10 eastern red bat carcass search 
091510-ERBA-387-1 9 /15/2010 12:23 eastern red bat carcass search 
091610-SHBA-056-2 9 /16/2010 08:25 silver-haired bat carcass search 
091610-SHBA-056-1 9 /16/2010 08:30 silver-haired bat carcass search 
091610-SHBA-614-1 9 /16/2010 08:39 silver-haired bat carcass search 
091610-HOBA-048-1 9 /16/2010 09:15 hoary bat carcass search 
091610-ERBA-640-1 9 /16/2010 09:40 eastern red bat carcass search 
091610-SHBA-640-2 9 /16/2010 09:50 silver-haired bat carcass search 
091610-SHBA-073-1 9 /16/2010 09:53 silver-haired bat carcass search 
091610-SHBA-033-1 9 /16/2010 12:50 silver-haired bat carcass search 
091710-SHBA-253-1 9 /17/2010 07:46 silver-haired bat carcass search 
091710-SHBA-229-1 9 /17/2010 09:15 silver-haired bat carcass search 
091710-ERBA-607-1 9 /17/2010 10:59 eastern red bat carcass search 
091810-ERBA-476-1 9 /18/2010 08:00 eastern red bat carcass search 
091810-ERBA-614-2 9 /18/2010 09:30 eastern red bat carcass search 
091810-SHBA-614-1 9 /18/2010 09:35 silver-haired bat carcass search 
091810-SHBA-281-1 9 /18/2010 11:12 silver-haired bat carcass search 
091810-SHBA-458-1 9 /18/2010 11:57 silver-haired bat carcass search 
091810-HOBA-218-1 9 /18/2010 12:20 hoary bat carcass search 
091810-SHBA-640-1 9 /18/2010 12:40 silver-haired bat carcass search 
091810-INBA-640-2 9 /18/2010 12:45 Indiana bat carcass search 
091810-SHBA-024-1 9 /18/2010 13:08 silver-haired bat carcass search 
091910-ERBA-419-1 9 /19/2010 09:31 eastern red bat carcass search 
091910-ERBA-087-1 9 /19/2010 13:10 eastern red bat carcass search 
091910-ERBA-087-2 9 /19/2010 13:22 eastern red bat carcass search 
091910-HOBA-628-1 9 /19/2010 13:42 hoary bat carcass search 
092010-HOBA-323-1 9 /20/2010 08:50 hoary bat carcass search 
092010-SHBA-414-2 9 /20/2010 10:19 silver-haired bat carcass search 
092010-SHBA-281-1 9 /20/2010 10:34 silver-haired bat carcass search 
092010-ERBA-218-1 9 /20/2010 11:38 eastern red bat carcass search 
092010-SHBA-218-2 9 /20/2010 11:43 silver-haired bat carcass search 
092010-SHBA-640-1 9 /20/2010 13:33 silver-haired bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
092010-BBBA-107-1 9 /20/2010 17:00 big brown bat incidental find 
092110-SHBA-056-1 9 /21/2010 08:52 silver-haired bat carcass search 
092110-HOBA-006-1 9 /21/2010 08:55 hoary bat carcass search 
092110-SHBA-048-1 9 /21/2010 09:36 silver-haired bat carcass search 
092110-ERBA-083-1 9 /21/2010 10:07 eastern red bat carcass search 
092110-SHBA-640-2 9 /21/2010 11:20 silver-haired bat carcass search 
092110-SHBA-640-1 9 /21/2010 11:22 silver-haired bat carcass search 
092110-ERBA-033-1 9 /21/2010 13:07 eastern red bat carcass search 
092110-SHBA-628-1 9 /21/2010 13:15 silver-haired bat carcass search 
092110-ERBA-480-1 9 /21/2010 13:20 eastern red bat carcass search 
092210-SHBA-480-1 9 /22/2010 08:00 silver-haired bat carcass search 
092210-HOBA-095-1 9 /22/2010 10:05 hoary bat carcass search 
092210-HOBA-640-1 9 /22/2010 10:20 hoary bat carcass search 
092310-HOBA-611-1 9 /23/2010 08:30 hoary bat incidental find 
092310-SHBA-334-1 9 /23/2010 08:32 silver-haired bat carcass search 
092310-ERBA-371-1 9 /23/2010 09:35 eastern red bat carcass search 
092310-ERBA-640-1 9 /23/2010 12:18 eastern red bat carcass search 
092310-HOBA-480-1 9 /23/2010 13:40 hoary bat carcass search 
092310-SHBA-459-1 9 /23/2010 14:09 silver-haired bat carcass search 
092310-SHBA-459-2 9 /23/2010 14:13 silver-haired bat carcass search 
092410-SHBA-354-1 9 /24/2010 11:07 silver-haired bat carcass search 
092410-SHBA-420-1 9 /24/2010 12:32 silver-haired bat carcass search 
092510-SHBA-627-1 9 /25/2010 09:00 silver-haired bat carcass search 
092510-SHBA-616-1 9 /25/2010 09:58 silver-haired bat carcass search 
092610-HOBA-281-1 9 /26/2010 10:45 hoary bat carcass search 
092610-SHBA-053-1 9 /26/2010 13:03 silver-haired bat carcass search 
092610-SHBA-065-1 9 /26/2010 14:06 silver-haired bat carcass search 
092810-ERBA-218-1 9 /28/2010 11:17 eastern red bat carcass search 
093010-SHBA-630-1 9 /30/2010 08:25 silver-haired bat carcass search 
093010-SHBA-323-1 9 /30/2010 08:50 silver-haired bat carcass search 
093010-SHBA-459-1 9 /30/2010 13:30 silver-haired bat carcass search 
100110-SHBA-425-1 10/1 /2010 09:18 silver-haired bat carcass search 
100110-ERBA-448-1 10/1 /2010 09:45 eastern red bat carcass search 
100110-SHBA-113-1 10/1 /2010 11:37 silver-haired bat carcass search 
100110-ERBA-088-1 10/1 /2010 12:17 eastern red bat carcass search 
100110-SHBA-630-1 10/1 /2010 13:20 silver-haired bat carcass search 
100210-SHBA-611-1 10/2 /2010 10:10 silver-haired bat carcass search 
100210-SHBA-640-1 10/2 /2010 11:50 silver-haired bat carcass search 
100210-ERBA-616-1 10/2 /2010 12:46 eastern red bat carcass search 
100310-SHBA-014-1 10/3 /2010 14:10 silver-haired bat carcass search 
100410-SHBA-630-1 10/4 /2010 08:11 silver-haired bat carcass search 
100610-SHBA-056-1 10/6 /2010 11:48 silver-haired bat carcass search 
100710-SHBA-147-1 10/7 /2010 08:21 silver-haired bat carcass search 
100710-SHBA-195-1 10/7 /2010 09:15 silver-haired bat carcass search 
100710-SHBA-251-1 10/7 /2010 11:49 silver-haired bat carcass search 
100810-ERBA-371-1 10/8 /2010 09:30 eastern red bat carcass search 
100810-SHBA-625-1 10/8 /2010 12:41 silver-haired bat carcass search 



Appendix C. Carcasses found on or scheduled search turbines during the spring 
and fall migration periods at Fowler Ridge Wind Resource Area. 

CarcassID Date Time Species Found 
100810-ERBA-087-1 10/8 /2010 13:08 eastern red bat carcass search 
100810-SHBA-448-1 10/8 /2010 16:22 silver-haired bat carcass search 
100910-SHBA-083-1 10/9 /2010 10:12 silver-haired bat carcass search 
100910-SHBA-033-1 10/9 /2010 13:20 silver-haired bat carcass search 
101010-ERBA-281-1 10/10/2010 11:26 eastern red bat carcass search 
101110-ERBA-448-1 10/11/2010 11:42 eastern red bat carcass search 
101210-HOBA-056-1 10/12/2010 09:08 hoary bat carcass search 
101210-ERBA-083-1 10/12/2010 10:14 eastern red bat carcass search 
101310-ERBA-628-1 10/13/2010 08:01 eastern red bat carcass search 
101310-ERBA-642-1 10/13/2010 08:05 eastern red bat carcass search 
101310-ERBA-459-1 10/13/2010 08:10 eastern red bat carcass search 
101310-SHBA-631-1 10/13/2010 09:24 silver-haired bat carcass search 
101310-ERBA-098-1 10/13/2010 10:20 eastern red bat carcass search 
101310-SHBA-414-1 10/13/2010 11:14 silver-haired bat carcass search 
101510-ERBA-098-1 10/15/2010 09:53 eastern red bat carcass search 
101510-ERBA-459-1 10/15/2010 11:08 eastern red bat carcass search 
101510-ERBA-459-2 10/15/2010 11:10 eastern red bat carcass search 
Overall 581 carcasses 

 



Appendix D. Carcasses found at Fowler Ridge Wind farm during spring and fall 
migration periods that are incidental and are not included in fatality estimates. 

CarcassID Date Time Species 
Reason not Included in Fatality 
Estimates 

041510-ERBA-61-1 4 /15/2010 11:58 eastern red bat Outside Plot Area 
042710-BBBA-610-1 4 /27/2010 15:20 big brown bat Not on Scheduled Search Turbine 
051410-SHBA-26-1 5 /14/2010 15:20 silver-haired bat Outside Plot Area 
051510-HOBA-314-1 5 /15/2010 10:22 hoary bat Outside Plot Area 
051510-SHBA-251-1 5 /15/2010 12:50 silver-haired bat Outside Plot Area 
073010-BBBA-314-3 7 /30/2010 13:10 big brown bat Clearing Search 
073010-ERBA-314-4 7 /30/2010 13:10 eastern red bat Clearing Search 
073010-ERBA-314-1 7 /30/2010 13:10 eastern red bat Clearing Search 
073010-HOBA-314-2 7 /30/2010 13:10 hoary bat Clearing Search 
073110-TRBA-339-1 7 /31/2010 07:43 tricolored bat Clearing Search 
073110-HOBA-339-2 7 /31/2010 07:59 hoary bat Clearing Search 
073110-ERBA-628-1 7 /31/2010 08:03 eastern red bat Clearing Search 
073110-HOBA-480-1 7 /31/2010 08:05 hoary bat Clearing Search 
073110-ERBA-628-2 7 /31/2010 08:21 eastern red bat Clearing Search 
073110-ERBA-628-3 7 /31/2010 09:26 eastern red bat Clearing Search 
073110-ERBA-087-1 7 /31/2010 09:30 eastern red bat Clearing Search 
073110-HOBA-459-1 7 /31/2010 09:30 hoary bat Clearing Search 
073110-ERBA-388-1 7 /31/2010 09:31 eastern red bat Clearing Search 
073110-ERBA-628-4 7 /31/2010 09:36 eastern red bat Clearing Search 
073110-ERBA-087-2 7 /31/2010 09:41 eastern red bat Clearing Search 
073110-BBBA-459-2 7 /31/2010 09:44 big brown bat Clearing Search 
073110-ERBA-087-3 7 /31/2010 09:47 eastern red bat Clearing Search 
073110-ERBA-628-5 7 /31/2010 09:47 eastern red bat Clearing Search 
073110-ERBA-048-1 7 /31/2010 10:29 eastern red bat Clearing Search 
073110-HOBA-460-1 7 /31/2010 10:29 hoary bat Clearing Search 
073110-ERBA-048-2 7 /31/2010 10:35 eastern red bat Clearing Search 
073110-ERBA-048-4 7 /31/2010 10:40 eastern red bat Clearing Search 
073110-ERBA-048-3 7 /31/2010 10:44 eastern red bat Clearing Search 
073110-HOBA-426-1 7 /31/2010 10:52 hoary bat Clearing Search 
073110-ERBA-371-3 7 /31/2010 11:20 eastern red bat Clearing Search 
073110-ERBA-371-1 7 /31/2010 11:25 eastern red bat Clearing Search 
073110-ERBA-371-2 7 /31/2010 11:27 eastern red bat Clearing Search 
073110-ERBA-355-1 7 /31/2010 11:37 eastern red bat Clearing Search 
073110-BBBA-230-1 7 /31/2010 12:15 big brown bat Clearing Search 
073110-HOBA-083-1 7 /31/2010 12:17 hoary bat Clearing Search 
073110-HOBA-309-1 7 /31/2010 12:20 hoary bat Clearing Search 
073110-ERBA-396-1 7 /31/2010 12:36 eastern red bat Clearing Search 
073110-ERBA-230-2 7 /31/2010 12:36 eastern red bat Clearing Search 
073110-ERBA-396-2 7 /31/2010 12:41 eastern red bat Clearing Search 
073110-BBBA-230-3 7 /31/2010 12:43 big brown bat Clearing Search 
073110-ERBA-396-4 7 /31/2010 12:46 eastern red bat Clearing Search 
073110-HOBA-396-5 7 /31/2010 12:46 hoary bat Clearing Search 
073110-ERBA-230-4 7 /31/2010 12:51 eastern red bat Clearing Search 
073110-HOBA-401-1 7 /31/2010 12:54 hoary bat Clearing Search 
073110-ERBA-396-3 7 /31/2010 13:00 eastern red bat Clearing Search 
073110-ERBA-423-1 7 /31/2010 13:15 eastern red bat Clearing Search 



Appendix D. Carcasses found at Fowler Ridge Wind farm during spring and fall 
migration periods that are incidental and are not included in fatality estimates. 

CarcassID Date Time Species 
Reason not Included in Fatality 
Estimates 

073110-ERBA-095-1 7 /31/2010 13:20 eastern red bat Clearing Search 
073110-ERBA-095-2 7 /31/2010 13:27 eastern red bat Clearing Search 
073110-ERBA-454-1 7 /31/2010 13:44 eastern red bat Clearing Search 
073110-ERBA-454-2 7 /31/2010 13:55 eastern red bat Clearing Search 
073110-HOBA-454-3 7 /31/2010 13:56 hoary bat Clearing Search 
073110-ERBA-260-1 7 /31/2010 14:06 eastern red bat Clearing Search 
073110-BBBA-448-1 7 /31/2010 14:20 big brown bat Clearing Search 
073110-HOBA-448-2 7 /31/2010 14:22 hoary bat Clearing Search 
073110-ERBA-478-1 7 /31/2010 14:34 eastern red bat Clearing Search 
073110-ERBA-123-1 7 /31/2010 14:45 eastern red bat Clearing Search 
073110-HOBA-640-2 7 /31/2010 15:00 hoary bat Clearing Search 
073110-HOBA-640-1 7 /31/2010 15:02 hoary bat Clearing Search 
073110-ERBA-425-1 7 /31/2010 15:09 eastern red bat Clearing Search 
073110-HOBA-640-3 7 /31/2010 15:13 hoary bat Clearing Search 
073110-ERBA-425-2 7 /31/2010 15:20 eastern red bat Clearing Search 
073110-ERBA-398-1 7 /31/2010 15:53 eastern red bat Clearing Search 
073110-ERBA-147-1 7 /31/2010 16:04 eastern red bat Clearing Search 
073110-ERBA-352-1 7 /31/2010 16:26 eastern red bat Clearing Search 
073110-ERBA-352-2 7 /31/2010 16:35 eastern red bat Clearing Search 
073110-BBBA-354-1 7 /31/2010 16:54 big brown bat Clearing Search 
080110-SHBA-369-1 8 /1 /2010 07:54 silver-haired bat Summer Time of Death 
080110-HOBA-369-2 8 /1 /2010 08:08 hoary bat Summer Time of Death 
080110-HOBA-407-1 8 /1 /2010 08:25 hoary bat Summer Time of Death 
080110-ERBA-476-5 8 /1 /2010 09:04 eastern red bat Summer Time of Death 
080110-ERBA-476-6 8 /1 /2010 09:17 eastern red bat Summer Time of Death 
080110-ERBA-608-1 8 /1 /2010 11:00 eastern red bat Not on Scheduled Search Turbine 
080110-ERBA-608-2 8 /1 /2010 11:08 eastern red bat Not on Scheduled Search Turbine 
080110-HOBA-625-1 8 /1 /2010 11:12 hoary bat Summer Time of Death 
080110-ERBA-625-1 8 /1 /2010 11:27 eastern red bat Summer Time of Death 
080110-ERBA-625-3 8 /1 /2010 11:39 eastern red bat Summer Time of Death 
080110-HOBA-640-1 8 /1 /2010 11:51 hoary bat Summer Time of Death 
080110-ERBA-631-1 8 /1 /2010 12:36 eastern red bat Summer Time of Death 
080110-HOBA-622-1 8 /1 /2010 12:58 hoary bat Summer Time of Death 
080110-ERBA-622-2 8 /1 /2010 13:06 eastern red bat Summer Time of Death 
080110-HOBA-622-3 8 /1 /2010 13:15 hoary bat Summer Time of Death 
080110-ERBA-622-4 8 /1 /2010 13:25 eastern red bat Summer Time of Death 
080110-ERBA-616-2 8 /1 /2010 13:46 eastern red bat Summer Time of Death 
080110-ERBA-616-1 8 /1 /2010 13:46 eastern red bat Summer Time of Death 
080110-ERBA-458-1 8 /1 /2010 14:45 eastern red bat Unknown Time of Death 
080110-HOBA-607-1 8 /1 /2010 14:45 hoary bat Summer Time of Death 
080110-HOBA-458-2 8 /1 /2010 14:53 hoary bat Summer Time of Death 
080110-ERBA-607-2 8 /1 /2010 14:55 eastern red bat Summer Time of Death 
080110-ERBA-448-1 8 /1 /2010 15:53 eastern red bat Summer Time of Death 
080110-HOBA-285-1 8 /1 /2010 16:54 hoary bat Summer Time of Death 
080210-ERBA-602-1 8 /2 /2010 08:35 eastern red bat Summer Time of Death 
080210-ERBA-248-2 8 /2 /2010 09:17 eastern red bat Summer Time of Death 



Appendix D. Carcasses found at Fowler Ridge Wind farm during spring and fall 
migration periods that are incidental and are not included in fatality estimates. 

CarcassID Date Time Species 
Reason not Included in Fatality 
Estimates 

080210-ERBA-245-1 8 /2 /2010 10:17 eastern red bat Summer Time of Death 
080210-ERBA-448-1 8 /2 /2010 10:18 eastern red bat Summer Time of Death 
080210-ERBA-245-2 8 /2 /2010 10:18 eastern red bat Summer Time of Death 
080210-ERBA-014-1 8 /2 /2010 10:46 eastern red bat Summer Time of Death 
080210-HOBA-007-1 8 /2 /2010 11:14 hoary bat Summer Time of Death 
080210-ERBA-227-1 8 /2 /2010 11:34 eastern red bat Summer Time of Death 
080210-HOBA-224-1 8 /2 /2010 12:05 hoary bat Summer Time of Death 
080210-HOBA-414-2 8 /2 /2010 12:35 hoary bat Summer Time of Death 
080210-HOBA-414-3 8 /2 /2010 12:36 hoary bat Summer Time of Death 
080210-ERBA-414-1 8 /2 /2010 12:42 eastern red bat Summer Time of Death 
080210-ERBA-020-1 8 /2 /2010 13:26 eastern red bat Summer Time of Death 
080210-ERBA-112-1 8 /2 /2010 14:21 eastern red bat Summer Time of Death 
080210-ERBA-118-1 8 /2 /2010 14:40 eastern red bat Summer Time of Death 
080210-ERBA-118-2 8 /2 /2010 14:43 eastern red bat Summer Time of Death 
080210-ERBA-116-1 8 /2 /2010 15:23 eastern red bat Summer Time of Death 
080210-ERBA-047-2 8 /2 /2010 15:48 eastern red bat Summer Time of Death 
080210-HOBA-193-1 8 /2 /2010 17:53 hoary bat Summer Time of Death 
080310-ERBA-087-1 8 /3 /2010 16:30 eastern red bat Summer Time of Death 
080310-BBBA-453-1 8 /3 /2010 16:52 big brown bat Not on Scheduled Search Turbine 
080310-ERBA-453-2 8 /3 /2010 16:52 eastern red bat Not on Scheduled Search Turbine 
080410-ERBA-628-5 8 /4 /2010 10:15 eastern red bat Summer Time of Death 
080410-ERBA-113-1 8 /4 /2010 12:52 eastern red bat Summer Time of Death 
080410-HOBA-387-3 8 /4 /2010 14:29 hoary bat Summer Time of Death 
080510-ERBA-624-1 8 /5 /2010 08:56 eastern red bat Not on Scheduled Search Turbine 
080510-ERBA-624-2 8 /5 /2010 08:57 eastern red bat Not on Scheduled Search Turbine 
080510-HOBA-624-3 8 /5 /2010 08:57 hoary bat Summer Time of Death 
080510-ERBA-480-2 8 /5 /2010 10:30 eastern red bat Unknown Time of Death 
080510-ERBA-098-1 8 /5 /2010 10:52 eastern red bat Summer Time of Death 
080510-ERBA-371-1 8 /5 /2010 13:05 eastern red bat Outside Plot Area 
080610-HOBA-323-2 8 /6 /2010 09:40 hoary bat Summer Time of Death 
080610-ERBA-425-1 8 /6 /2010 14:01 eastern red bat Summer Time of Death 
080610-ERBA-459-2 8 /6 /2010 14:25 eastern red bat Summer Time of Death 
080810-ERBA-260-1 8 /8 /2010 10:27 eastern red bat Unknown Time of Death 
080810-ERBA-065-2 8 /8 /2010 10:52 eastern red bat Outside Plot Area 
080810-ERBA-092-1 8 /8 /2010 13:15 eastern red bat Outside Plot Area 
080910-ERBA-431-1 8 /9 /2010 13:30 eastern red bat Not on Scheduled Search Turbine 
081110-ERBA-337-1 8 /11/2010 12:28 eastern red bat Not on Scheduled Search Turbine 
081110-ERBA-337-2 8 /11/2010 12:28 eastern red bat Not on Scheduled Search Turbine 
081210-ERBA-321-1 8 /12/2010 14:17 eastern red bat Outside Plot Area 
081210-BBBA-321-2 8 /12/2010 14:18 big brown bat Outside Plot Area 
081310-HOBA-353-1 8 /12/2010 14:30 hoary bat Not on Scheduled Search Turbine 
081210-ERBA-104-1 8 /12/2010 15:36 eastern red bat Not on Scheduled Search Turbine 
081210-HOBA-104-2 8 /12/2010 15:41 hoary bat Not on Scheduled Search Turbine 
081310-HOBA-459-1 8 /13/2010 08:05 hoary bat Outside Plot Area 
081310-ERBA-014-1 8 /13/2010 09:32 eastern red bat Outside Plot Area 
081310-BBBA-643-2 8 /13/2010 09:35 big brown bat Not on Scheduled Search Turbine 



Appendix D. Carcasses found at Fowler Ridge Wind farm during spring and fall 
migration periods that are incidental and are not included in fatality estimates. 

CarcassID Date Time Species 
Reason not Included in Fatality 
Estimates 

081310-ERBA-643-4 8 /13/2010 09:35 eastern red bat Not on Scheduled Search Turbine 
081310-ERBA-643-3 8 /13/2010 09:35 eastern red bat Not on Scheduled Search Turbine 
081310-ERBA-643-5 8 /13/2010 09:35 eastern red bat Not on Scheduled Search Turbine 
081310-ERBA-643-1 8 /13/2010 09:35 eastern red bat Not on Scheduled Search Turbine 
081310-ERBA-003-1 8 /13/2010 13:18 eastern red bat Outside Plot Area 
081310-HOBA-003-2 8 /13/2010 13:19 hoary bat Outside Plot Area 
081310-ERBA-019-1 8 /13/2010 13:37 eastern red bat Not on Scheduled Search Turbine 
081310-HOBA-392-1 8 /13/2010 14:05 hoary bat Not on Scheduled Search Turbine 
081310-ERBA-045-1 8 /13/2010 14:29 eastern red bat Outside Plot Area 
081310-ERBA-374-1 8 /13/2010 14:57 eastern red bat Outside Plot Area 
081310-ERBA-632-1 8 /13/2010 15:04 eastern red bat Not on Scheduled Search Turbine 
081310-ERBA-632-2 8 /13/2010 15:05 eastern red bat Not on Scheduled Search Turbine 
081310-HOBA-632-3 8 /13/2010 15:06 hoary bat Not on Scheduled Search Turbine 
081310-ERBA-624-1 8 /13/2010 16:02 eastern red bat Not on Scheduled Search Turbine 
081310-BBBA-624-2 8 /13/2010 16:07 big brown bat Not on Scheduled Search Turbine 
081310-ERBA-624-3 8 /13/2010 16:13 eastern red bat Not on Scheduled Search Turbine 
081310-HOBA-624-4 8 /13/2010 16:21 hoary bat Not on Scheduled Search Turbine 
081310-ERBA-624-5 8 /13/2010 16:28 eastern red bat Not on Scheduled Search Turbine 
081310-BBBA-629-1 8 /13/2010 16:49 big brown bat Not on Scheduled Search Turbine 
081310-ERBA-629-2 8 /13/2010 16:56 eastern red bat Not on Scheduled Search Turbine 
081310-HOBA-319-1 8 /13/2010 16:58 hoary bat Not on Scheduled Search Turbine 
081310-HOBA-629-3 8 /13/2010 17:05 hoary bat Not on Scheduled Search Turbine 
081310-ERBA-339-1 8 /13/2010 17:29 eastern red bat Outside Plot Area 
081310-ERBA-625-1 8 /13/2010 17:31 eastern red bat Outside Plot Area 
081310-HOBA-637-1 8 /13/2010 17:38 hoary bat Not on Scheduled Search Turbine 
081310-ERBA-637-2 8 /13/2010 17:46 eastern red bat Not on Scheduled Search Turbine 
081310-ERBA-629-4 8 /13/2010 17:50 eastern red bat Not on Scheduled Search Turbine 
081410-HOBA-203-1 8 /14/2010 10:21 hoary bat Outside Plot Area 
081410-ERBA-156-1 8 /14/2010 14:14 eastern red bat Outside Plot Area 
081510-HOBA-417-1 8 /15/2010 08:05 hoary bat Not on Scheduled Search Turbine 
081510-ERBA-476-1 8 /15/2010 08:34 eastern red bat Outside Plot Area 
081310-ERBA-021-1 8 /15/2010 09:25 eastern red bat Not on Scheduled Search Turbine 
081510-ERBA-426-2 8 /15/2010 13:00 eastern red bat Outside Plot Area 
081610-ERBA-458-1 8 /16/2010 09:18 eastern red bat Unknown Time of Death 
081910-ERBA-281-3 8 /19/2010 13:31 eastern red bat Unknown Time of Death 
082010-ERBA-604-1 8 /20/2010 08:20 eastern red bat Outside Plot Area 
082010-ERBA-604-2 8 /20/2010 08:20 eastern red bat Outside Plot Area 
082010-ERBA-241-1 8 /20/2010 11:02 eastern red bat Not on Scheduled Search Turbine 
082010-HOBA-115-1 8 /20/2010 11:38 hoary bat Outside Plot Area 
082010-HOBA-102-1 8 /20/2010 11:48 hoary bat Outside Plot Area 
082110-ERBA-476-1 8 /21/2010 08:29 eastern red bat Outside Plot Area 
082110-ERBA-630-1 8 /21/2010 13:33 eastern red bat Outside Plot Area 
082210-ERBA-017-1 8 /22/2010 08:01 eastern red bat Outside Plot Area 
082210-ERBA-103-1 8 /22/2010 12:16 eastern red bat Outside Plot Area 
082310-ERBA-613-1 8 /23/2010 14:30 eastern red bat Not on Scheduled Search Turbine 
082410-SHBA-458-1 8 /24/2010 11:23 silver-haired bat Unknown Time of Death 



Appendix D. Carcasses found at Fowler Ridge Wind farm during spring and fall 
migration periods that are incidental and are not included in fatality estimates. 

CarcassID Date Time Species 
Reason not Included in Fatality 
Estimates 

082410-ERBA-349-1 8 /24/2010 16:05 eastern red bat Not on Scheduled Search Turbine 
082510-ERBA-311-1 8 /25/2010 13:33 eastern red bat Not on Scheduled Search Turbine 
082510-ERBA-438-1 8 /25/2010 13:50 eastern red bat Not on Scheduled Search Turbine 
082510-ERBA-438-2 8 /25/2010 13:50 eastern red bat Not on Scheduled Search Turbine 
082510-ERBA-438-3 8 /25/2010 13:55 eastern red bat Not on Scheduled Search Turbine 
082610-SHBA-469-1 8 /26/2010 14:54 silver-haired bat Not on Scheduled Search Turbine 
082610-ERBA-482-1 8 /26/2010 15:44 eastern red bat Not on Scheduled Search Turbine 
082610-HOBA-482-2 8 /26/2010 15:50 hoary bat Not on Scheduled Search Turbine 
082610-ERBA-477-1 8 /26/2010 16:00 eastern red bat Outside Plot Area 
082710-ERBA-387-2 8 /27/2010 10:11 eastern red bat Outside Plot Area 
082710-ERBA-464-1 8 /27/2010 13:59 eastern red bat Outside Plot Area 
082810-ERBA-107-1 8 /28/2010 08:35 eastern red bat Outside Plot Area 
082810-ERBA-014-1 8 /28/2010 09:32 eastern red bat Outside Plot Area 
082810-HOBA-081-1 8 /28/2010 11:08 hoary bat Not on Scheduled Search Turbine 
082810-ERBA-061-1 8 /28/2010 11:56 eastern red bat Outside Plot Area 
082810-ERBA-061-2 8 /28/2010 11:57 eastern red bat Outside Plot Area 
082810-ERBA-061-3 8 /28/2010 11:58 eastern red bat Outside Plot Area 
082910-ERBA-224-1 8 /29/2010 08:15 eastern red bat Outside Plot Area 
082910-SHBA-229-1 8 /29/2010 12:59 silver-haired bat Outside Plot Area 
082910-ERBA-622-2 8 /29/2010 14:25 eastern red bat Outside Plot Area 
082910-ERBA-622-1 8 /29/2010 14:27 eastern red bat Outside Plot Area 
082910-ERBA-629-1 8 /29/2010 15:39 eastern red bat Not on Scheduled Search Turbine 
083010-ERBA-459-2 8 /30/2010 08:40 eastern red bat Outside Plot Area 
083110-ERBA-624-1 8 /31/2010 07:39 eastern red bat Not on Scheduled Search Turbine 
083110-ERBA-403-1 8 /31/2010 16:42 eastern red bat Not on Scheduled Search Turbine 
090310-ERBA-625-2 9 /3 /2010 08:14 eastern red bat Outside Plot Area 
090310-HOBA-634-1 9 /3 /2010 08:37 hoary bat Not on Scheduled Search Turbine 
090510-ERBA-323-1 9 /5 /2010 09:50 eastern red bat Outside Plot Area 
090710-HOBA-389-1 9 /7 /2010 09:55 hoary bat Not on Scheduled Search Turbine 
091010-HOBA-637-1 9 /10/2010 12:05 hoary bat Not on Scheduled Search Turbine 
091410-SHBA-417-1 9 /14/2010 12:46 silver-haired bat Not on Scheduled Search Turbine 
091710-HOBA-249-1 9 /17/2010 14:02 hoary bat Not on Scheduled Search Turbine 
091810-SHBA-121-1 9 /18/2010 10:06 silver-haired bat Outside Plot Area 
091810-HOBA-026-1 9 /18/2010 13:39 hoary bat Outside Plot Area 
092010-HOBA-459-1 9 /20/2010 11:40 hoary bat Outside Plot Area 
092010-SHBA-117-1 9 /20/2010 17:10 silver-haired bat Not on Scheduled Search Turbine 
092410-ERBA-417-1 9 /24/2010 12:18 eastern red bat Not on Scheduled Search Turbine 
092410-SHBA-626-1 9 /24/2010 13:30 silver-haired bat Not on Scheduled Search Turbine 
092410-SHBA-626-2 9 /24/2010 13:32 silver-haired bat Not on Scheduled Search Turbine 
092410-ERBA-626-3 9 /24/2010 13:33 eastern red bat Not on Scheduled Search Turbine 
092410-ERBA-626-4 9 /24/2010 13:35 eastern red bat Not on Scheduled Search Turbine 
092610-ERBA-003-1 9 /26/2010 09:55 eastern red bat Outside Plot Area 
100310-SHBA-230-1 10/3 /2010 09:55 silver-haired bat Outside Plot Area 
101510-SHBA-352-1 10/15/2010 11:17 silver-haired bat Outside Plot Area 
Overall 228 Carcasses

 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

3 control 8 /8 /2010 080810-ERBA-003-1 eastern red bat 
3 control 9 /26/2010 092610-ERBA-003-1 eastern red bat 
3 control 8 /13/2010 081310-HOBA-003-2 hoary bat 
3 control 8 /13/2010 081310-ERBA-003-1 eastern red bat 
4 control No carcasses found 
6 5 m/s 8 /16/2010 081610-ERBA-006-2 eastern red bat 
6 control 8 /16/2010 081610-HOBA-006-1 hoary bat 
6 control 8 /24/2010 082410-ERBA-006-1 eastern red bat 
6 6.5 m/s 9 /21/2010 092110-HOBA-006-1 hoary bat 
6 5 m/s 9 /8 /2010 090810-HOBA-006-1 hoary bat 
7 control 8 /22/2010 082210-ERBA-007-1 eastern red bat 
7 control 8 /2 /2010 080210-HOBA-007-1 hoary bat 
7 control 8 /8 /2010 080810-ERBA-007-1 eastern red bat 
9 control 8 /28/2010 082810-HOBA-009-1 hoary bat 
13 control 8 /2 /2010 080210-HOBA-013-1 hoary bat 
14 control 8 /22/2010 082210-LBBA-014-1 little brown bat 
14 control 9 /5 /2010 090510-ERBA-014-1 eastern red bat 
14 control 8 /13/2010 081310-ERBA-014-1 eastern red bat 
14 control 8 /8 /2010 080810-BBBA-014-1 big brown bat 
14 control 8 /2 /2010 080210-ERBA-014-1 eastern red bat 
14 control 10/3 /2010 100310-SHBA-014-1 silver-haired bat 
14 control 8 /28/2010 082810-ERBA-014-1 eastern red bat 
17 control 8 /22/2010 082210-ERBA-017-1 eastern red bat 
19 control 8 /13/2010 081310-ERBA-019-1 eastern red bat 
20 control 8 /2 /2010 080210-ERBA-020-1 eastern red bat 
21 control 8 /15/2010 081310-ERBA-021-1 eastern red bat 
24 control 8 /25/2010 082510-ERBA-024-1 eastern red bat 
24 control 5 /4 /2010 050410-SHBA-24-1 silver-haired bat 
24 5 m/s 9 /1 /2010 090110-HOBA-024-1 hoary bat 
24 control 4 /26/2010 042610-SHBA-24-1 silver-haired bat 
24 5 m/s 9 /18/2010 091810-SHBA-024-1 silver-haired bat 
24 6.5 m/s 8 /4 /2010 080410-ERBA-024-1 eastern red bat 
24 5 m/s 8 /30/2010 083010-ERBA-024-1 eastern red bat 
26 control 8 /2 /2010 080210-ERBA-026-1 eastern red bat 
26 control 9 /18/2010 091810-HOBA-026-1 hoary bat 
26 control 4 /26/2010 042610-SHBA-26-1 silver-haired bat 
26 control 5 /14/2010 051410-SHBA-26-1 silver-haired bat 
30 control No carcasses found 
31 control No carcasses found 
33 control 10/9 /2010 100910-SHBA-033-1 silver-haired bat 
33 control 8 /29/2010 082910-ERBA-033-1 eastern red bat 
33 control 9 /16/2010 091610-SHBA-033-1 silver-haired bat 
33 control 8 /28/2010 082810-ERBA-033-1 eastern red bat 
33 control 9 /21/2010 092110-ERBA-033-1 eastern red bat 
35 control 8 /8 /2010 080810-HOBA-035-1 hoary bat 
38 control No carcasses found 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

45 control 8 /8 /2010 080810-ERBA-045-1 eastern red bat 
45 control 9 /11/2010 091110-ERBA-045-1 eastern red bat 
45 control 8 /13/2010 081310-ERBA-045-1 eastern red bat 
47 control 8 /8 /2010 080810-ERBA-047-1 eastern red bat 
47 control 8 /13/2010 081310-BBBA-047-1 big brown bat 
47 control 8 /2 /2010 080210-ERBA-047-1 eastern red bat 
47 control 8 /2 /2010 080210-ERBA-047-2 eastern red bat 
48 6.5 m/s 9 /16/2010 091610-HOBA-048-1 hoary bat 
48 control 8 /5 /2010 080510-ERBA-048-1 eastern red bat 
48 control 9 /14/2010 091410-ERBA-048-1 eastern red bat 
48 control 8 /4 /2010 080410-ERBA-048-2 eastern red bat 
48 control 8 /4 /2010 080410-ERBA-048-1 eastern red bat 
48 6.5 m/s 9 /4 /2010 090410-SHBA-048-1 silver-haired bat 
48 control 9 /8 /2010 090810-ERBA-048-1 eastern red bat 
48 5 m/s 8 /27/2010 082710-ERBA-048-1 eastern red bat 
48 5 m/s 8 /29/2010 082910-ERBA-048-1 eastern red bat 
48 control 7 /31/2010 073110-ERBA-048-4 eastern red bat 
48 control 7 /31/2010 073110-ERBA-048-1 eastern red bat 
48 control 7 /31/2010 073110-ERBA-048-2 eastern red bat 
48 control 8 /17/2010 081710-ERBA-048-1 eastern red bat 
48 6.5 m/s 9 /5 /2010 090510-HOBA-048-1 hoary bat 
48 5 m/s 9 /21/2010 092110-SHBA-048-1 silver-haired bat 
48 control 7 /31/2010 073110-ERBA-048-3 eastern red bat 
48 control 8 /19/2010 081910-ERBA-048-1 eastern red bat 
48 control 8 /14/2010 081410-HOBA-048-1 hoary bat 
48 control 8 /9 /2010 080910-ERBA-048-1 eastern red bat 
50 control 8 /28/2010 082810-ERBA-050-1 eastern red bat 
53 control 9 /26/2010 092610-SHBA-053-1 silver-haired bat 
56 control 8 /17/2010 081710-ERBA-056-1 eastern red bat 
56 control 8 /4 /2010 080410-ERBA-056-1 eastern red bat 
56 control 8 /15/2010 081510-HOBA-056-1 hoary bat 
56 control 9 /16/2010 091610-SHBA-056-1 silver-haired bat 
56 control 9 /14/2010 091410-SHBA-056-1 silver-haired bat 
56 control 8 /5 /2010 080510-ERBA-056-1 eastern red bat 
56 control 9 /16/2010 091610-SHBA-056-2 silver-haired bat 
56 control 10/6 /2010 100610-SHBA-056-1 silver-haired bat 
56 control 8 /6 /2010 080610-ERBA-056-1 eastern red bat 
56 control 9 /21/2010 092110-SHBA-056-1 silver-haired bat 
56 control 10/12/2010 101210-HOBA-056-1 hoary bat 
57 control No carcasses found 
61 control 8 /28/2010 082810-ERBA-061-1 eastern red bat 
61 control 8 /28/2010 082810-ERBA-061-2 eastern red bat 
61 control 8 /28/2010 082810-ERBA-061-3 eastern red bat 
61 control 4 /15/2010 041510-ERBA-61-1 eastern red bat 
65 control 9 /26/2010 092610-SHBA-065-1 silver-haired bat 
65 control 8 /8 /2010 080810-ERBA-065-2 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

65 control 8 /8 /2010 080810-HOBA-065-1 hoary bat 
65 control 8 /2 /2010 080210-ERBA-065-1 eastern red bat 
68 control 8 /13/2010 081310-ERBA-068-1 eastern red bat 
73 5 m/s 8 /17/2010 081710-ERBA-073-1 eastern red bat 
73 control 9 /16/2010 091610-SHBA-073-1 silver-haired bat 
73 5 m/s 8 /15/2010 081510-ERBA-073-2 eastern red bat 
73 6.5 m/s 8 /4 /2010 080410-ERBA-073-1 eastern red bat 
75 control 8 /13/2010 081310-ERBA-075-1 eastern red bat 
79 control No carcasses found 
81 control 8 /28/2010 082810-HOBA-081-1 hoary bat 
82 control 8 /22/2010 082210-ERBA-082-1 eastern red bat 
83 control 10/9 /2010 100910-SHBA-083-1 silver-haired bat 
83 5 m/s 8 /4 /2010 080410-ERBA-083-1 eastern red bat 
83 control 10/12/2010 101210-ERBA-083-1 eastern red bat 
83 5 m/s 8 /18/2010 081810-ERBA-083-1 eastern red bat 
83 control 7 /31/2010 073110-HOBA-083-1 hoary bat 
83 5 m/s 8 /7 /2010 080710-ERBA-083-1 eastern red bat 
83 5 m/s 9 /21/2010 092110-ERBA-083-1 eastern red bat 
85 control 8 /13/2010 081310-ERBA-085-1 eastern red bat 
87 control 10/8 /2010 100810-ERBA-087-1 eastern red bat 
87 control 9 /19/2010 091910-ERBA-087-2 eastern red bat 
87 control 7 /31/2010 073110-ERBA-087-3 eastern red bat 
87 control 9 /19/2010 091910-ERBA-087-1 eastern red bat 
87 5 m/s 9 /12/2010 091210-SHBA-087-1 silver-haired bat 
87 5 m/s 8 /5 /2010 080510-ERBA-087-1 eastern red bat 
87 control 9 /14/2010 091410-SHBA-087-1 silver-haired bat 
87 5 m/s 8 /4 /2010 080410-ERBA-087-2 eastern red bat 
87 5 m/s 8 /4 /2010 080410-ERBA-087-3 eastern red bat 
87 5 m/s 8 /4 /2010 080410-ERBA-087-1 eastern red bat 
87 control 8 /3 /2010 080310-ERBA-087-1 eastern red bat 
87 control 7 /31/2010 073110-ERBA-087-2 eastern red bat 
87 control 7 /31/2010 073110-ERBA-087-1 eastern red bat 
88 5 m/s 9 /12/2010 091210-ERBA-088-1 eastern red bat 
88 5 m/s 9 /11/2010 091110-HOBA-088-1 hoary bat 
88 6.5 m/s 10/1 /2010 100110-ERBA-088-1 eastern red bat 
88 control 8 /12/2010 081210-ERBA-088-1 eastern red bat 
88 control 8 /6 /2010 080610-ERBA-088-1 eastern red bat 
88 5 m/s 9 /9 /2010 090910-SHBA-088-1 silver-haired bat 
88 control 4 /26/2010 042610-SHBA-88-1 silver-haired bat 
88 6.5 m/s 8 /24/2010 082410-SHBA-088-1 silver-haired bat 
90 control 8 /8 /2010 080810-ERBA-090-1 eastern red bat 
90 control 8 /22/2010 082210-ERBA-090-1 eastern red bat 
92 control 8 /8 /2010 080810-ERBA-092-1 eastern red bat 
92 control 8 /8 /2010 080810-ERBA-092-2 eastern red bat 
95 6.5 m/s 8 /15/2010 081510-ERBA-095-2 eastern red bat 
95 control 7 /31/2010 073110-ERBA-095-1 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

95 control 7 /31/2010 073110-ERBA-095-2 eastern red bat 
95 6.5 m/s 8 /15/2010 081510-HOBA-095-1 hoary bat 
95 6.5 m/s 8 /15/2010 081510-ERBA-095-3 eastern red bat 
95 6.5 m/s 8 /6 /2010 080610-ERBA-095-1 eastern red bat 
95 control 8 /24/2010 082410-SHBA-095-1 silver-haired bat 
95 control 9 /22/2010 092210-HOBA-095-1 hoary bat 
95 5 m/s 8 /24/2010 082410-BBBA-095-2 big brown bat 
95 control 8 /18/2010 081810-ERBA-095-1 eastern red bat 
95 6.5 m/s 8 /30/2010 083010-HOBA-095-1 hoary bat 
95 5 m/s 8 /24/2010 082410-ERBA-095-3 eastern red bat 
97 control No carcasses found 
98 control 8 /15/2010 081510-ERBA-098-2 eastern red bat 
98 control 10/13/2010 101310-ERBA-098-1 eastern red bat 
98 control 8 /5 /2010 080510-ERBA-098-1 eastern red bat 
98 control 10/15/2010 101510-ERBA-098-1 eastern red bat 
98 control 8 /15/2010 081510-HOBA-098-1 hoary bat 
98 control 9 /4 /2010 090410-HOBA-098-1 hoary bat 
98 control 8 /7 /2010 080710-ERBA-098-1 eastern red bat 
101 control No carcasses found 
102 control 8 /20/2010 082010-HOBA-102-1 hoary bat 
103 control 8 /22/2010 082210-ERBA-103-1 eastern red bat 
104 control 8 /12/2010 081210-HOBA-104-2 hoary bat 
104 control 8 /12/2010 081210-ERBA-104-1 eastern red bat 
107 control 8 /28/2010 082810-ERBA-107-1 eastern red bat 
107 control 9 /20/2010 092010-BBBA-107-1 big brown bat 
112 control 9 /2 /2010 090210-ERBA-112-1 eastern red bat 
112 control 8 /2 /2010 080210-ERBA-112-1 eastern red bat 
113 5 m/s 8 /23/2010 082310-ERBA-113-2 eastern red bat 
113 control 8 /14/2010 081410-ERBA-113-2 eastern red bat 
113 5 m/s 10/1 /2010 100110-SHBA-113-1 silver-haired bat 
113 5 m/s 9 /5 /2010 090510-HOBA-113-1 hoary bat 
113 5 m/s 8 /23/2010 082310-ERBA-113-1 eastern red bat 
113 control 8 /14/2010 081410-ERBA-113-1 eastern red bat 
113 control 8 /4 /2010 080410-ERBA-113-1 eastern red bat 
113 control 8 /11/2010 081110-ERBA-113-1 eastern red bat 
113 control 4 /13/2010 041310-SHBA-113-1 silver-haired bat 
113 control 8 /14/2010 081410-ERBA-113-3 eastern red bat 
115 control 8 /20/2010 082010-HOBA-115-1 hoary bat 
116 control 8 /2 /2010 080210-ERBA-116-1 eastern red bat 
116 control 9 /11/2010 091110-HOBA-116-1 hoary bat 
116 control 8 /20/2010 082010-ERBA-116-1 eastern red bat 
117 control 9 /20/2010 092010-SHBA-117-1 silver-haired bat 
118 control 8 /2 /2010 080210-ERBA-118-1 eastern red bat 
118 control 8 /2 /2010 080210-ERBA-118-2 eastern red bat 
121 control 9 /18/2010 091810-SHBA-121-1 silver-haired bat 
123 control 7 /31/2010 073110-ERBA-123-1 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

123 5 m/s 8 /6 /2010 080610-ERBA-123-1 eastern red bat 
123 control 8 /12/2010 081210-ERBA-123-1 eastern red bat 
125 control 9 /11/2010 091110-SHBA-125-1 silver-haired bat 
127 control 8 /8 /2010 080810-HOBA-127-1 hoary bat 
129 control No carcasses found 
147 control 8 /2 /2010 080210-ERBA-147-1 eastern red bat 
147 5 m/s 10/7 /2010 100710-SHBA-147-1 silver-haired bat 
147 5 m/s 8 /30/2010 083010-ERBA-147-1 eastern red bat 
147 control 7 /31/2010 073110-ERBA-147-1 eastern red bat 
147 control 8 /29/2010 082910-HOBA-147-1 hoary bat 
152 control 9 /12/2010 091210-ERBA-152-2 eastern red bat 
152 control 8 /14/2010 081410-ERBA-152-1 eastern red bat 
152 control 9 /12/2010 091210-ERBA-152-1 eastern red bat 
152 control 8 /8 /2010 080810-ERBA-152-1 eastern red bat 
156 control 8 /14/2010 081410-ERBA-156-1 eastern red bat 
156 control 8 /29/2010 082910-ERBA-156-1 eastern red bat 
156 control 9 /3 /2010 090310-HOBA-156-1 hoary bat 
173 control 8 /14/2010 081410-ERBA-173-1 eastern red bat 
173 control 8 /8 /2010 080810-ERBA-173-1 eastern red bat 
173 control 8 /29/2010 082910-ERBA-173-1 eastern red bat 
173 control 8 /8 /2010 080810-ERBA-173-2 eastern red bat 
193 control 8 /14/2010 081410-ERBA-193-1 eastern red bat 
193 control 8 /7 /2010 080710-ERBA-193-1 eastern red bat 
193 control 8 /7 /2010 080710-ERBA-193-2 eastern red bat 
193 control 8 /2 /2010 080210-HOBA-193-1 hoary bat 
195 5 m/s 9 /8 /2010 090810-SHBA-195-1 silver-haired bat 
195 5 m/s 8 /23/2010 082310-ERBA-195-1 eastern red bat 
195 control 10/7 /2010 100710-SHBA-195-1 silver-haired bat 
198 control 8 /7 /2010 080710-HOBA-198-2 hoary bat 
198 control 8 /7 /2010 080710-ERBA-198-1 eastern red bat 
203 control 8 /14/2010 081410-ERBA-203-2 eastern red bat 
203 control 8 /14/2010 081410-HOBA-203-1 hoary bat 
203 control 8 /20/2010 082010-HOBA-203-1 hoary bat 
216 control 8 /7 /2010 080710-ERBA-216-1 eastern red bat 
216 control 9 /3 /2010 090310-HOBA-216-1 hoary bat 
216 control 5 /4 /2010 050410-SHBA-216-1 silver-haired bat 
218 control 9 /20/2010 092010-ERBA-218-1 eastern red bat 
218 control 8 /31/2010 083110-ERBA-218-1 eastern red bat 
218 5 m/s 9 /18/2010 091810-HOBA-218-1 hoary bat 
218 5 m/s 9 /28/2010 092810-ERBA-218-1 eastern red bat 
218 6.5 m/s 8 /8 /2010 080810-ERBA-218-1 eastern red bat 
218 control 9 /20/2010 092010-SHBA-218-2 silver-haired bat 
224 control 8 /29/2010 082910-ERBA-224-1 eastern red bat 
224 control 8 /28/2010 082810-ERBA-224-1 eastern red bat 
224 control 8 /14/2010 081410-ERBA-224-2 eastern red bat 
224 control 8 /2 /2010 080210-HOBA-224-1 hoary bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

224 control 8 /14/2010 081410-HOBA-224-1 hoary bat 
227 control 8 /7 /2010 080710-ERBA-227-1 eastern red bat 
227 control 8 /2 /2010 080210-ERBA-227-1 eastern red bat 
227 control 8 /29/2010 082910-HOBA-227-1 hoary bat 
229 control 8 /29/2010 082910-SHBA-229-1 silver-haired bat 
229 control 8 /7 /2010 080710-ERBA-229-1 eastern red bat 
229 control 8 /2 /2010 080210-ERBA-229-1 eastern red bat 
229 control 9 /17/2010 091710-SHBA-229-1 silver-haired bat 
230 control 8 /18/2010 081810-ERBA-230-1 eastern red bat 
230 control 8 /22/2010 082210-ERBA-230-1 eastern red bat 
230 control 8 /23/2010 082310-ERBA-230-1 eastern red bat 
230 control 4 /21/2010 042110-HOBA-230-1 hoary bat 
230 5 m/s 8 /14/2010 081410-HOBA-230-1 hoary bat 
230 5 m/s 8 /13/2010 081310-HOBA-230-3 hoary bat 
230 control 8 /4 /2010 080410-HOBA-230-1 hoary bat 
230 5 m/s 8 /14/2010 081410-ERBA-230-2 eastern red bat 
230 control 8 /4 /2010 080410-HOBA-230-2 hoary bat 
230 control 8 /5 /2010 080510-ERBA-230-1 eastern red bat 
230 control 7 /31/2010 073110-ERBA-230-2 eastern red bat 
230 control 7 /31/2010 073110-ERBA-230-4 eastern red bat 
230 control 7 /31/2010 073110-BBBA-230-1 big brown bat 
230 control 10/3 /2010 100310-SHBA-230-1 silver-haired bat 
230 control 8 /1 /2010 080110-ERBA-230-1 eastern red bat 
230 control 7 /31/2010 073110-BBBA-230-3 big brown bat 
230 control 8 /7 /2010 080710-ERBA-230-1 eastern red bat 
230 5 m/s 8 /13/2010 081310-ERBA-230-1 eastern red bat 
230 5 m/s 8 /13/2010 081310-ERBA-230-2 eastern red bat 
232 control 9 /5 /2010 090510-ERBA-323-1 eastern red bat 
241 control 8 /20/2010 082010-ERBA-241-1 eastern red bat 
245 control 8 /29/2010 082910-BBBA-245-2 big brown bat 
245 control 8 /2 /2010 080210-HOBA-245-3 hoary bat 
245 control 9 /3 /2010 090310-ERBA-245-1 eastern red bat 
245 control 8 /29/2010 082910-ERBA-245-1 eastern red bat 
245 control 8 /7 /2010 080710-ERBA-245-2 eastern red bat 
245 control 8 /2 /2010 080210-ERBA-245-1 eastern red bat 
245 control 8 /2 /2010 080210-ERBA-245-2 eastern red bat 
245 control 8 /7 /2010 080710-HOBA-245-1 hoary bat 
245 control 8 /29/2010 082910-ERBA-245-3 eastern red bat 
248 control 8 /29/2010 082910-ERBA-248-1 eastern red bat 
248 control 8 /2 /2010 080210-ERBA-248-1 eastern red bat 
248 control 8 /20/2010 082010-ERBA-248-1 eastern red bat 
248 control 8 /2 /2010 080210-ERBA-248-2 eastern red bat 
249 control 9 /17/2010 091710-HOBA-249-1 hoary bat 
251 control 8 /23/2010 082310-ERBA-251-1 eastern red bat 
251 control 5 /15/2010 051510-ERBA-251-2 eastern red bat 
251 6.5 m/s 8 /20/2010 082010-ERBA-251-1 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

251 control 8 /12/2010 081210-ERBA-251-1 eastern red bat 
251 control 5 /15/2010 051510-SHBA-251-1 silver-haired bat 
251 5 m/s 10/7 /2010 100710-SHBA-251-1 silver-haired bat 
253 control 8 /2 /2010 080210-ERBA-253-2 eastern red bat 
253 control 8 /2 /2010 080210-HOBA-253-1 hoary bat 
253 control 8 /7 /2010 080710-HOBA-253-1 hoary bat 
253 control 9 /17/2010 091710-SHBA-253-1 silver-haired bat 
254 control 8 /20/2010 082010-TRBA-254-1 tricolored bat 
254 control 8 /14/2010 081410-ERBA-254-1 eastern red bat 
260 control 8 /14/2010 081410-ERBA-260-1 eastern red bat 
260 control 7 /31/2010 073110-ERBA-260-1 eastern red bat 
260 5 m/s 9 /11/2010 091110-ERBA-260-1 eastern red bat 
260 5 m/s 9 /8 /2010 090810-HOBA-260-1 hoary bat 
260 control 4 /21/2010 042110-ERBA-260-1 eastern red bat 
260 unknown 8 /8 /2010 080810-ERBA-260-1 eastern red bat 
260 control 8 /12/2010 081210-ERBA-260-1 eastern red bat 
260 control 8 /13/2010 081310-ERBA-260-1 eastern red bat 
260 5 m/s 9 /14/2010 091410-SHBA-260-1 silver-haired bat 
281 control 8 /19/2010 081910-HOBA-281-1 hoary bat 
281 control 10/10/2010 101010-ERBA-281-1 eastern red bat 
281 control 8 /20/2010 082010-HOBA-281-1 hoary bat 
281 control 4 /16/2010 041610-ERBA-281-1 eastern red bat 
281 control 9 /20/2010 092010-SHBA-281-1 silver-haired bat 
281 control 8 /3 /2010 080310-HOBA-281-1 hoary bat 
281 control 8 /23/2010 082310-BBBA-281-1 big brown bat 
281 control 8 /19/2010 081910-ERBA-281-2 eastern red bat 
281 control 8 /3 /2010 080310-ERBA-281-2 eastern red bat 
281 control 9 /6 /2010 090610-HOBA-281-1 hoary bat 
281 control 8 /4 /2010 080410-ERBA-281-1 eastern red bat 
281 unknown 8 /19/2010 081910-ERBA-281-3 eastern red bat 
281 control 9 /14/2010 091410-SHBA-281-1 silver-haired bat 
281 control 9 /26/2010 092610-HOBA-281-1 hoary bat 
281 control 8 /9 /2010 080910-ERBA-281-1 eastern red bat 
281 control 9 /18/2010 091810-SHBA-281-1 silver-haired bat 
281 control 8 /29/2010 082910-ERBA-281-1 eastern red bat 
285 control 8 /1 /2010 080110-HOBA-285-1 hoary bat 
286 control 8 /29/2010 082910-ERBA-286-1 eastern red bat 
286 control 8 /1 /2010 080110-ERBA-286-1 eastern red bat 
286 control 8 /20/2010 082010-ERBA-286-1 eastern red bat 
305 control No carcasses found 
309 control 7 /31/2010 073110-HOBA-309-1 hoary bat 
309 control 8 /6 /2010 080610-ERBA-309-1 eastern red bat 
309 control 8 /6 /2010 080610-ERBA-309-2 eastern red bat 
311 control 8 /25/2010 082510-ERBA-311-1 eastern red bat 
314 control 8 /5 /2010 080510-ERBA-314-2 eastern red bat 
314 control 7 /30/2010 073010-BBBA-314-3 big brown bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

314 control 8 /26/2010 082610-ERBA-314-1 eastern red bat 
314 control 8 /4 /2010 080410-ERBA-314-4 eastern red bat 
314 control 8 /6 /2010 080610-ERBA-314-1 eastern red bat 
314 control 8 /4 /2010 080410-ERBA-314-3 eastern red bat 
314 control 7 /30/2010 073010-ERBA-314-4 eastern red bat 
314 control 8 /5 /2010 080510-ERBA-314-3 eastern red bat 
314 control 8 /1 /2010 080110-ERBA-314-1 eastern red bat 
314 control 8 /5 /2010 080510-ERBA-314-1 eastern red bat 
314 control 8 /4 /2010 080410-ERBA-314-2 eastern red bat 
314 control 8 /2 /2010 080210-HOBA-314-1 hoary bat 
314 control 8 /4 /2010 080410-ERBA-314-1 eastern red bat 
314 6.5 m/s 8 /24/2010 082410-ERBA-314-1 eastern red bat 
314 control 7 /30/2010 073010-HOBA-314-2 hoary bat 
314 control 7 /30/2010 073010-ERBA-314-1 eastern red bat 
314 control 5 /15/2010 051510-HOBA-314-1 hoary bat 
314 control 8 /24/2010 082410-ERBA-314-2 eastern red bat 
314 control 8 /27/2010 082710-SHBA-314-1 silver-haired bat 
314 control 5 /5 /2010 050510-SHBA-314-1 silver-haired bat 
319 control 8 /13/2010 081310-HOBA-319-1 hoary bat 
321 control 8 /12/2010 081210-ERBA-321-1 eastern red bat 
321 control 8 /12/2010 081210-BBBA-321-2 big brown bat 
322 control No carcasses found 
323 control 4 /23/2010 042310-SHBA-323-2 silver-haired bat 
323 control 8 /6 /2010 080610-ERBA-323-1 eastern red bat 
323 6.5 m/s 9 /30/2010 093010-SHBA-323-1 silver-haired bat 
323 control 8 /6 /2010 080610-HOBA-323-2 hoary bat 
323 control 9 /20/2010 092010-HOBA-323-1 hoary bat 
329 control 8 /14/2010 081410-ERBA-329-1 eastern red bat 
329 control 8 /7 /2010 080710-ERBA-329-1 eastern red bat 
334 control 4 /23/2010 042310-ERBA-334-1 eastern red bat 
334 6.5 m/s 9 /1 /2010 090110-ERBA-334-1 eastern red bat 
334 control 9 /23/2010 092310-SHBA-334-1 silver-haired bat 
337 control 8 /11/2010 081110-ERBA-337-2 eastern red bat 
337 control 8 /11/2010 081110-ERBA-337-1 eastern red bat 
339 control 8 /13/2010 081310-ERBA-339-1 eastern red bat 
339 control 7 /31/2010 073110-TRBA-339-1 tricolored bat 
339 control 8 /15/2010 081510-HOBA-339-1 hoary bat 
339 control 8 /6 /2010 080610-BBBA-339-1 big brown bat 
339 control 7 /31/2010 073110-HOBA-339-2 hoary bat 
348 control No carcasses found 
349 control 8 /24/2010 082410-ERBA-349-1 eastern red bat 
352 control 7 /31/2010 073110-ERBA-352-1 eastern red bat 
352 control 7 /31/2010 073110-ERBA-352-2 eastern red bat 
352 control 8 /15/2010 081510-ERBA-352-1 eastern red bat 
352 control 10/15/2010 101510-SHBA-352-1 silver-haired bat 
352 control 8 /15/2010 081510-ERBA-352-2 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

353 control 8 /12/2010 081310-HOBA-353-1 hoary bat 
354 control 7 /31/2010 073110-BBBA-354-1 big brown bat 
354 control 8 /21/2010 082110-ERBA-354-1 eastern red bat 
354 control 9 /24/2010 092410-SHBA-354-1 silver-haired bat 
355 control 7 /31/2010 073110-ERBA-355-1 eastern red bat 
355 control 8 /6 /2010 080610-HOBA-355-1 hoary bat 
369 control 8 /6 /2010 080610-ERBA-369-1 eastern red bat 
369 control 8 /1 /2010 080110-SHBA-369-1 silver-haired bat 
369 control 8 /1 /2010 080110-HOBA-369-2 hoary bat 
371 5 m/s 8 /4 /2010 080410-ERBA-371-1 eastern red bat 
371 5 m/s 9 /10/2010 091010-ERBA-371-1 eastern red bat 
371 6.5 m/s 8 /29/2010 082910-HOBA-371-1 hoary bat 
371 control 8 /5 /2010 080510-ERBA-371-1 eastern red bat 
371 6.5 m/s 8 /25/2010 082510-HOBA-371-1 hoary bat 
371 control 9 /13/2010 091310-SHBA-371-1 silver-haired bat 
371 6.5 m/s 9 /23/2010 092310-ERBA-371-1 eastern red bat 
371 5 m/s 8 /8 /2010 080810-SHBA-371-1 silver-haired bat 
371 5 m/s 9 /9 /2010 090910-SHBA-371-1 silver-haired bat 
371 control 7 /31/2010 073110-ERBA-371-2 eastern red bat 
371 control 7 /31/2010 073110-ERBA-371-1 eastern red bat 
371 control 10/8 /2010 100810-ERBA-371-1 eastern red bat 
371 control 7 /31/2010 073110-ERBA-371-3 eastern red bat 
374 control 8 /13/2010 081310-ERBA-374-1 eastern red bat 
379 control 8 /6 /2010 080610-ERBA-379-1 eastern red bat 
379 control 8 /27/2010 082710-ERBA-379-1 eastern red bat 
379 control 8 /6 /2010 080610-ERBA-379-3 eastern red bat 
379 control 8 /15/2010 081510-ERBA-379-1 eastern red bat 
379 control 8 /6 /2010 080610-ERBA-379-2 eastern red bat 
379 control 8 /6 /2010 080610-ERBA-379-4 eastern red bat 
387 control 8 /4 /2010 080410-ERBA-387-1 eastern red bat 
387 5 m/s 9 /15/2010 091510-ERBA-387-1 eastern red bat 
387 control 8 /14/2010 081410-ERBA-387-1 eastern red bat 
387 control 8 /27/2010 082710-ERBA-387-1 eastern red bat 
387 control 8 /4 /2010 080410-ERBA-387-2 eastern red bat 
387 control 8 /27/2010 082710-ERBA-387-2 eastern red bat 
387 5 m/s 9 /3 /2010 090310-HOBA-387-1 hoary bat 
387 control 4 /19/2010 041910-ERBA-387-1 eastern red bat 
387 control 8 /4 /2010 080410-HOBA-387-3 hoary bat 
388 control 8 /27/2010 082710-SHBA-388-2 silver-haired bat 
388 control 7 /31/2010 073110-ERBA-388-1 eastern red bat 
388 control 8 /21/2010 082110-ERBA-388-1 eastern red bat 
388 control 8 /6 /2010 080610-ERBA-388-2 eastern red bat 
388 control 8 /6 /2010 080610-ERBA-388-1 eastern red bat 
388 control 8 /13/2010 081310-ERBA-388-1 eastern red bat 
388 control 8 /27/2010 082710-HOBA-388-1 hoary bat 
388 control 8 /27/2010 082710-ERBA-388-3 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

389 control 9 /7 /2010 090710-HOBA-389-1 hoary bat 
390 control 8 /7 /2010 080710-ERBA-390-1 eastern red bat 
390 control 8 /1 /2010 080110-ERBA-390-1 eastern red bat 
392 control 8 /13/2010 081310-HOBA-392-1 hoary bat 
396 control 7 /31/2010 073110-ERBA-396-4 eastern red bat 
396 control 7 /31/2010 073110-ERBA-396-2 eastern red bat 
396 control 7 /31/2010 073110-ERBA-396-3 eastern red bat 
396 control 8 /13/2010 081310-ERBA-396-1 eastern red bat 
396 control 8 /17/2010 081710-ERBA-396-3 eastern red bat 
396 control 8 /17/2010 081710-ERBA-396-2 eastern red bat 
396 control 8 /17/2010 081710-ERBA-396-1 eastern red bat 
396 control 4 /29/2010 042910-ERBA-396-1 eastern red bat 
396 control 8 /16/2010 081610-ERBA-396-1 eastern red bat 
396 control 7 /31/2010 073110-ERBA-396-1 eastern red bat 
396 control 7 /31/2010 073110-HOBA-396-5 hoary bat 
397 control 8 /6 /2010 080610-ERBA-397-1 eastern red bat 
397 control 8 /27/2010 082710-ERBA-397-1 eastern red bat 
397 control 4 /19/2010 041910-ERBA-397-1 eastern red bat 
398 control 8 /6 /2010 080610-HOBA-398-1 hoary bat 
398 control 7 /31/2010 073110-ERBA-398-1 eastern red bat 
401 control 9 /10/2010 091010-SHBA-401-2 silver-haired bat 
401 control 8 /21/2010 082110-BBBA-401-1 big brown bat 
401 control 8 /15/2010 081510-ERBA-401-1 eastern red bat 
401 control 7 /31/2010 073110-HOBA-401-1 hoary bat 
401 control 9 /10/2010 091010-SHBA-401-1 silver-haired bat 
403 control 8 /31/2010 083110-ERBA-403-1 eastern red bat 
407 control 8 /1 /2010 080110-ERBA-407-2 eastern red bat 
407 control 8 /14/2010 081410-ERBA-407-2 eastern red bat 
407 control 8 /1 /2010 080110-HOBA-407-1 hoary bat 
414 control 8 /15/2010 081510-ERBA-414-2 eastern red bat 
414 control 8 /15/2010 081510-ERBA-414-1 eastern red bat 
414 control 8 /2 /2010 080210-HOBA-414-2 hoary bat 
414 control 8 /7 /2010 080710-ERBA-414-1 eastern red bat 
414 control 8 /29/2010 082910-HOBA-414-1 hoary bat 
414 control 8 /6 /2010 080610-ERBA-414-1 eastern red bat 
414 control 8 /2 /2010 080210-HOBA-414-3 hoary bat 
414 control 8 /12/2010 081210-HOBA-414-1 hoary bat 
414 control 8 /28/2010 082810-ERBA-414-1 eastern red bat 
414 control 8 /24/2010 082410-ERBA-414-1 eastern red bat 
414 control 8 /13/2010 081310-ERBA-414-1 eastern red bat 
414 control 8 /21/2010 082110-ERBA-414-1 eastern red bat 
414 control 8 /2 /2010 080210-ERBA-414-1 eastern red bat 
414 control 10/13/2010 101310-SHBA-414-1 silver-haired bat 
414 control 8 /12/2010 081210-ERBA-414-2 eastern red bat 
414 control 8 /20/2010 082010-HOBA-414-1 hoary bat 
414 control 9 /20/2010 092010-SHBA-414-2 silver-haired bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 
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Cut-in 
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414 control 8 /11/2010 081110-ERBA-414-1 eastern red bat 
414 control 8 /4 /2010 080410-ERBA-414-1 eastern red bat 
414 control 8 /14/2010 081410-HOBA-414-1 hoary bat 
417 control 8 /15/2010 081510-HOBA-417-1 hoary bat 
417 control 9 /24/2010 092410-ERBA-417-1 eastern red bat 
417 control 9 /14/2010 091410-SHBA-417-1 silver-haired bat 
419 control 8 /6 /2010 080610-ERBA-419-1 eastern red bat 
419 control 8 /21/2010 082110-ERBA-419-2 eastern red bat 
419 control 8 /21/2010 082110-HOBA-419-3 hoary bat 
419 control 9 /19/2010 091910-ERBA-419-1 eastern red bat 
419 control 8 /21/2010 082110-HOBA-419-1 hoary bat 
419 control 8 /15/2010 081510-ERBA-419-2 eastern red bat 
419 control 8 /27/2010 082710-ERBA-419-1 eastern red bat 
419 control 8 /15/2010 081510-ERBA-419-1 eastern red bat 
420 control 8 /7 /2010 080710-ERBA-420-1 eastern red bat 
420 control 8 /7 /2010 080710-ERBA-420-2 eastern red bat 
420 control 9 /24/2010 092410-SHBA-420-1 silver-haired bat 
420 control 8 /15/2010 081510-ERBA-420-1 eastern red bat 
423 control 7 /31/2010 073110-ERBA-423-1 eastern red bat 
425 control 7 /31/2010 073110-ERBA-425-1 eastern red bat 
425 control 10/1 /2010 100110-SHBA-425-1 silver-haired bat 
425 control 8 /6 /2010 080610-ERBA-425-1 eastern red bat 
425 control 7 /31/2010 073110-ERBA-425-2 eastern red bat 
426 control 8 /15/2010 081510-ERBA-426-2 eastern red bat 
426 control 8 /15/2010 081510-ERBA-426-3 eastern red bat 
426 control 8 /6 /2010 080610-ERBA-426-1 eastern red bat 
426 control 7 /31/2010 073110-HOBA-426-1 hoary bat 
426 control 8 /15/2010 081510-ERBA-426-1 eastern red bat 
426 control 8 /6 /2010 080610-ERBA-426-2 eastern red bat 
431 control 8 /9 /2010 080910-ERBA-431-1 eastern red bat 
432 control 9 /10/2010 091010-ERBA-432-1 eastern red bat 
438 control 8 /25/2010 082510-ERBA-438-3 eastern red bat 
438 control 8 /25/2010 082510-ERBA-438-2 eastern red bat 
438 control 8 /25/2010 082510-ERBA-438-1 eastern red bat 
443 control 9 /4 /2010 090410-ERBA-443-1 eastern red bat 
443 control 9 /10/2010 091010-HOBA-443-1 hoary bat 
443 control 8 /6 /2010 080610-ERBA-443-1 eastern red bat 
443 control 8 /15/2010 081510-ERBA-443-1 eastern red bat 
448 control 8 /4 /2010 080410-ERBA-448-3 eastern red bat 
448 control 7 /31/2010 073110-BBBA-448-1 big brown bat 
448 control 8 /1 /2010 080110-ERBA-448-1 eastern red bat 
448 control 8 /2 /2010 080210-ERBA-448-1 eastern red bat 
448 control 8 /4 /2010 080410-ERBA-448-2 eastern red bat 
448 control 8 /3 /2010 080310-ERBA-448-1 eastern red bat 
448 control 9 /14/2010 091410-ERBA-448-1 eastern red bat 
448 control 8 /8 /2010 080810-ERBA-448-1 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 
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448 control 8 /29/2010 082910-ERBA-448-1 eastern red bat 
448 control 9 /7 /2010 090710-SHBA-448-1 silver-haired bat 
448 control 8 /4 /2010 080410-BBBA-448-1 big brown bat 
448 control 8 /8 /2010 080810-ERBA-448-2 eastern red bat 
448 control 10/11/2010 101110-ERBA-448-1 eastern red bat 
448 control 10/8 /2010 100810-SHBA-448-1 silver-haired bat 
448 control 8 /21/2010 082110-HOBA-448-1 hoary bat 
448 control 8 /13/2010 081310-HOBA-448-1 hoary bat 
448 control 8 /28/2010 082810-ERBA-448-1 eastern red bat 
448 control 10/1 /2010 100110-ERBA-448-1 eastern red bat 
448 control 7 /31/2010 073110-HOBA-448-2 hoary bat 
448 control 8 /6 /2010 080610-ERBA-448-1 eastern red bat 
453 control 8 /3 /2010 080310-BBBA-453-1 big brown bat 
453 control 8 /3 /2010 080310-ERBA-453-2 eastern red bat 
454 control 7 /31/2010 073110-ERBA-454-2 eastern red bat 
454 control 7 /31/2010 073110-HOBA-454-3 hoary bat 
454 control 8 /6 /2010 080610-ERBA-454-1 eastern red bat 
454 control 8 /27/2010 082710-HOBA-454-1 hoary bat 
454 control 7 /31/2010 073110-ERBA-454-1 eastern red bat 
458 control 9 /18/2010 091810-SHBA-458-1 silver-haired bat 
458 unknown 8 /24/2010 082410-SHBA-458-1 silver-haired bat 
458 control 4 /13/2010 041310-ERBA-458-1 eastern red bat 
458 control 8 /1 /2010 080110-HOBA-458-2 hoary bat 
458 unknown 8 /1 /2010 080110-ERBA-458-1 eastern red bat 
458 unknown 8 /16/2010 081610-ERBA-458-1 eastern red bat 
458 5 m/s 8 /28/2010 082810-ERBA-458-1 eastern red bat 
458 control 9 /13/2010 091310-SHBA-458-1 silver-haired bat 
458 5 m/s 8 /9 /2010 080910-HOBA-458-1 hoary bat 
459 control 8 /13/2010 081310-HOBA-459-1 hoary bat 
459 control 9 /30/2010 093010-SHBA-459-1 silver-haired bat 
459 control 8 /20/2010 082010-ERBA-459-2 eastern red bat 
459 control 9 /20/2010 092010-HOBA-459-1 hoary bat 
459 control 8 /19/2010 081910-ERBA-459-1 eastern red bat 
459 control 8 /14/2010 081410-ERBA-459-2 eastern red bat 
459 control 8 /14/2010 081410-ERBA-459-1 eastern red bat 
459 control 8 /19/2010 081910-ERBA-459-1 eastern red bat 
459 control 8 /2 /2010 080210-HOBA-459-1 hoary bat 
459 control 8 /14/2010 081410-ERBA-459-1 eastern red bat 
459 control 8 /6 /2010 080610-ERBA-459-1 eastern red bat 
459 control 9 /23/2010 092310-SHBA-459-1 silver-haired bat 
459 control 10/15/2010 101510-ERBA-459-1 eastern red bat 
459 control 10/13/2010 101310-ERBA-459-1 eastern red bat 
459 control 8 /2 /2010 080210-ERBA-459-2 eastern red bat 
459 control 8 /2 /2010 080210-ERBA-459-3 eastern red bat 
459 control 4 /13/2010 041310-ERBA-459-1 eastern red bat 
459 control 9 /23/2010 092310-SHBA-459-2 silver-haired bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 
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459 control 8 /6 /2010 080610-ERBA-459-2 eastern red bat 
459 control 10/15/2010 101510-ERBA-459-2 eastern red bat 
459 control 8 /30/2010 083010-ERBA-459-2 eastern red bat 
459 control 8 /21/2010 082110-HOBA-459-1 hoary bat 
459 control 8 /20/2010 082010-HOBA-459-1 hoary bat 
459 control 9 /6 /2010 090610-ERBA-459-1 eastern red bat 
459 control 8 /4 /2010 080410-ERBA-459-2 eastern red bat 
459 control 8 /4 /2010 080410-ERBA-459-1 eastern red bat 
459 control 8 /2 /2010 080210-ERBA-459-4 eastern red bat 
459 control 8 /1 /2010 080110-ERBA-459-2 eastern red bat 
459 control 8 /1 /2010 080110-ERBA-459-1 eastern red bat 
459 control 8 /26/2010 082610-ERBA-459-1 eastern red bat 
459 control 8 /26/2010 082610-ERBA-459-3 eastern red bat 
459 control 9 /6 /2010 090610-SHBA-459-2 silver-haired bat 
459 control 8 /27/2010 082710-ERBA-459-1 eastern red bat 
459 control 8 /11/2010 081110-ERBA-459-2 eastern red bat 
459 control 8 /30/2010 083010-ERBA-459-1 eastern red bat 
459 control 7 /31/2010 073110-BBBA-459-2 big brown bat 
459 control 7 /31/2010 073110-HOBA-459-1 hoary bat 
459 control 8 /26/2010 082610-ERBA-459-2 eastern red bat 
459 control 8 /12/2010 081210-ERBA-459-1 eastern red bat 
460 control 7 /31/2010 073110-HOBA-460-1 hoary bat 
464 control 8 /27/2010 082710-ERBA-464-1 eastern red bat 
469 control 8 /26/2010 082610-SHBA-469-1 silver-haired bat 
476 control 8 /15/2010 081510-ERBA-476-2 eastern red bat 
476 control 8 /7 /2010 080710-ERBA-476-2 eastern red bat 
476 control 8 /7 /2010 080710-ERBA-476-3 eastern red bat 
476 control 8 /15/2010 081510-ERBA-476-4 eastern red bat 
476 control 8 /15/2010 081510-ERBA-476-3 eastern red bat 
476 control 8 /1 /2010 080110-ERBA-476-5 eastern red bat 
476 control 8 /1 /2010 080110-ERBA-476-6 eastern red bat 
476 control 8 /7 /2010 080710-ERBA-476-1 eastern red bat 
476 control 8 /15/2010 081510-ERBA-476-1 eastern red bat 
476 control 8 /21/2010 082110-ERBA-476-1 eastern red bat 
476 control 9 /18/2010 091810-ERBA-476-1 eastern red bat 
477 control 8 /27/2010 082710-ERBA-477-1 eastern red bat 
477 control 8 /21/2010 082110-ERBA-477-1 eastern red bat 
477 control 8 /26/2010 082610-ERBA-477-1 eastern red bat 
477 control 9 /10/2010 091010-HOBA-477-1 hoary bat 
477 control 8 /15/2010 081510-ERBA-477-1 eastern red bat 
478 control 8 /28/2010 082810-ERBA-478-1 eastern red bat 
478 control 7 /31/2010 073110-ERBA-478-1 eastern red bat 
478 control 8 /27/2010 082710-ERBA-478-1 eastern red bat 
480 control 8 /11/2010 081110-ERBA-480-2 eastern red bat 
480 control 8 /20/2010 082010-ERBA-480-1 eastern red bat 
480 control 8 /11/2010 081110-ERBA-480-1 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

480 control 8 /11/2010 081110-ERBA-480-3 eastern red bat 
480 control 4 /22/2010 042210-ERBA-480-1 eastern red bat 
480 control 8 /9 /2010 080910-ERBA-480-1 eastern red bat 
480 control 8 /13/2010 081310-ERBA-480-1 eastern red bat 
480 control 8 /5 /2010 080510-ERBA-480-1 eastern red bat 
480 control 8 /14/2010 081410-ERBA-480-1 eastern red bat 
480 control 8 /30/2010 083010-ERBA-480-1 eastern red bat 
480 control 7 /31/2010 073110-HOBA-480-1 hoary bat 
480 6.5 m/s 9 /21/2010 092110-ERBA-480-1 eastern red bat 
480 5 m/s 9 /22/2010 092210-SHBA-480-1 silver-haired bat 
480 control 8 /2 /2010 080210-ERBA-480-1 eastern red bat 
480 control 8 /4 /2010 080410-ERBA-480-1 eastern red bat 
480 unknown 8 /5 /2010 080510-ERBA-480-2 eastern red bat 
480 5 m/s 9 /23/2010 092310-HOBA-480-1 hoary bat 
480 control 8 /13/2010 081310-HOBA-480-1 hoary bat 
480 control 5 /1 /2010 050110-ERBA-480-1 eastern red bat 
480 control 8 /4 /2010 080410-ERBA-480-1 eastern red bat 
482 control 8 /26/2010 082610-HOBA-482-2 hoary bat 
482 control 8 /26/2010 082610-ERBA-482-1 eastern red bat 
602 control 8 /2 /2010 080210-ERBA-602-1 eastern red bat 
602 control 8 /29/2010 082910-ERBA-602-1 eastern red bat 
602 control 8 /7 /2010 080710-ERBA-602-1 eastern red bat 
602 control 8 /20/2010 082010-HOBA-602-1 hoary bat 
602 control 8 /2 /2010 080210-HOBA-602-2 hoary bat 
603 control 8 /20/2010 082010-ERBA-603-2 eastern red bat 
603 control 9 /11/2010 091110-HOBA-603-1 hoary bat 
603 control 9 /14/2010 091410-SHBA-603-1 silver-haired bat 
603 5 m/s 8 /16/2010 081610-ERBA-603-1 eastern red bat 
603 control 8 /20/2010 082010-BBBA-603-1 big brown bat 
603 5 m/s 8 /26/2010 082610-TRBA-603-1 tricolored bat 
604 control 8 /20/2010 082010-ERBA-604-1 eastern red bat 
604 control 8 /20/2010 082010-ERBA-604-2 eastern red bat 
607 control 8 /14/2010 081410-ERBA-607-1 eastern red bat 
607 control 8 /1 /2010 080110-ERBA-607-2 eastern red bat 
607 control 8 /29/2010 082910-ERBA-607-2 eastern red bat 
607 control 8 /7 /2010 080710-ERBA-607-3 eastern red bat 
607 control 9 /12/2010 091210-SHBA-607-1 silver-haired bat 
607 control 9 /17/2010 091710-ERBA-607-1 eastern red bat 
607 control 8 /1 /2010 080110-HOBA-607-1 hoary bat 
607 control 8 /7 /2010 080710-HOBA-607-2 hoary bat 
607 control 8 /7 /2010 080710-HOBA-607-4 hoary bat 
607 control 8 /29/2010 082910-HOBA-607-1 hoary bat 
607 control 8 /7 /2010 080710-ERBA-607-1 eastern red bat 
608 control 8 /1 /2010 080110-ERBA-608-1 eastern red bat 
608 control 8 /1 /2010 080110-ERBA-608-2 eastern red bat 
609 control 8 /7 /2010 080710-BBBA-609-1 big brown bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

609 control 8 /13/2010 081310-BBBA-609-1 big brown bat 
609 control 8 /12/2010 081210-ERBA-609-2 eastern red bat 
609 control 8 /12/2010 081210-ERBA-609-1 eastern red bat 
609 control 8 /1 /2010 080110-ERBA-609-1 eastern red bat 
609 control 8 /13/2010 081310-ERBA-609-2 eastern red bat 
610 control 4 /27/2010 042710-BBBA-610-1 big brown bat 
611 control 10/2 /2010 100210-SHBA-611-1 silver-haired bat 
611 control 9 /23/2010 092310-HOBA-611-1 hoary bat 
611 control 8 /14/2010 081410-ERBA-611-1 eastern red bat 
611 control 8 /20/2010 082010-HOBA-611-1 hoary bat 
613 control 8 /23/2010 082310-ERBA-613-1 eastern red bat 
614 control 9 /18/2010 091810-SHBA-614-1 silver-haired bat 
614 6.5 m/s 8 /20/2010 082010-ERBA-614-1 eastern red bat 
614 control 9 /18/2010 091810-ERBA-614-2 eastern red bat 
614 control 4 /23/2010 042310-SHBA-614-3 silver-haired bat 
614 control 9 /16/2010 091610-SHBA-614-1 silver-haired bat 
614 control 9 /7 /2010 090710-SHBA-614-1 silver-haired bat 
614 5 m/s 9 /6 /2010 090610-HOBA-614-1 hoary bat 
614 5 m/s 9 /4 /2010 090410-SHBA-614-1 silver-haired bat 
614 control 5 /7 /2010 050710-SHBA-614-1 silver-haired bat 
616 control 9 /25/2010 092510-SHBA-616-1 silver-haired bat 
616 control 10/2 /2010 100210-ERBA-616-1 eastern red bat 
616 control 8 /1 /2010 080110-ERBA-616-1 eastern red bat 
616 control 8 /1 /2010 080110-ERBA-616-2 eastern red bat 
617 control 8 /2 /2010 080210-BBBA-617-1 big brown bat 
620 control 8 /25/2010 082510-HOBA-620-1 hoary bat 
620 control 8 /7 /2010 080710-ERBA-620-1 eastern red bat 
620 control 8 /20/2010 082010-ERBA-620-1 eastern red bat 
622 control 8 /1 /2010 080110-HOBA-622-1 hoary bat 
622 control 8 /29/2010 082910-ERBA-622-2 eastern red bat 
622 control 8 /1 /2010 080110-ERBA-622-4 eastern red bat 
622 control 8 /1 /2010 080110-ERBA-622-2 eastern red bat 
622 control 9 /12/2010 091210-ERBA-622-1 eastern red bat 
622 control 8 /29/2010 082910-ERBA-622-1 eastern red bat 
622 control 5 /13/2010 051310-ERBA-622-1 eastern red bat 
622 control 8 /7 /2010 080710-BBBA-622-2 big brown bat 
622 control 8 /7 /2010 080710-LBBA-622-1 little brown bat 
622 control 8 /1 /2010 080110-HOBA-622-3 hoary bat 
624 control 8 /13/2010 081310-HOBA-624-4 hoary bat 
624 control 8 /31/2010 083110-ERBA-624-1 eastern red bat 
624 control 8 /5 /2010 080510-HOBA-624-3 hoary bat 
624 control 8 /5 /2010 080510-ERBA-624-2 eastern red bat 
624 control 8 /13/2010 081310-ERBA-624-3 eastern red bat 
624 control 8 /13/2010 081310-ERBA-624-1 eastern red bat 
624 control 8 /5 /2010 080510-ERBA-624-1 eastern red bat 
624 control 8 /13/2010 081310-ERBA-624-5 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

624 control 8 /13/2010 081310-BBBA-624-2 big brown bat 
625 control 8 /13/2010 081310-ERBA-625-1 eastern red bat 
625 control 9 /3 /2010 090310-ERBA-625-1 eastern red bat 
625 control 8 /1 /2010 080110-HOBA-625-1 hoary bat 
625 control 8 /19/2010 081910-HOBA-625-1 hoary bat 
625 control 8 /1 /2010 080110-ERBA-625-1 eastern red bat 
625 control 8 /1 /2010 080110-ERBA-625-3 eastern red bat 
625 control 10/8 /2010 100810-SHBA-625-1 silver-haired bat 
625 control 8 /19/2010 081910-HOBA-625-2 hoary bat 
625 control 9 /13/2010 091310-ERBA-625-1 eastern red bat 
625 control 9 /3 /2010 090310-ERBA-625-2 eastern red bat 
625 control 9 /11/2010 091110-HOBA-625-1 hoary bat 
625 control 8 /29/2010 082910-ERBA-625-1 eastern red bat 
625 control 5 /5 /2010 050510-SHBA-625-1 silver-haired bat 
625 control 8 /7 /2010 080710-ERBA-625-1 eastern red bat 
625 control 8 /7 /2010 080710-ERBA-625-2 eastern red bat 
626 control 9 /24/2010 092410-SHBA-626-2 silver-haired bat 
626 control 9 /24/2010 092410-ERBA-626-4 eastern red bat 
626 control 9 /24/2010 092410-SHBA-626-1 silver-haired bat 
626 control 9 /24/2010 092410-ERBA-626-3 eastern red bat 
627 control 8 /13/2010 081310-ERBA-627-1 eastern red bat 
627 control 9 /25/2010 092510-SHBA-627-1 silver-haired bat 
628 control 8 /27/2010 082710-ERBA-628-2 eastern red bat 
628 control 8 /4 /2010 080410-ERBA-628-5 eastern red bat 
628 control 8 /7 /2010 080710-BBBA-628-1 big brown bat 
628 control 4 /18/2010 041810-ERBA-628-1 eastern red bat 
628 control 4 /15/2010 041510-SHBA-628-1 silver-haired bat 
628 control 7 /31/2010 073110-ERBA-628-5 eastern red bat 
628 control 8 /6 /2010 080610-ERBA-628-1 eastern red bat 
628 control 9 /21/2010 092110-SHBA-628-1 silver-haired bat 
628 control 10/13/2010 101310-ERBA-628-1 eastern red bat 
628 control 9 /2 /2010 090210-BBBA-628-1 big brown bat 
628 control 8 /26/2010 082610-ERBA-628-2 eastern red bat 
628 control 8 /25/2010 082510-ERBA-628-1 eastern red bat 
628 control 8 /4 /2010 080410-ERBA-628-6 eastern red bat 
628 control 9 /12/2010 091210-SHBA-628-1 silver-haired bat 
628 control 9 /11/2010 091110-SHBA-628-1 silver-haired bat 
628 control 8 /4 /2010 080410-ERBA-628-2 eastern red bat 
628 control 8 /28/2010 082810-ERBA-628-1 eastern red bat 
628 control 8 /1 /2010 080110-ERBA-628-1 eastern red bat 
628 control 7 /31/2010 073110-ERBA-628-1 eastern red bat 
628 control 9 /19/2010 091910-HOBA-628-1 hoary bat 
628 control 8 /4 /2010 080410-ERBA-628-1 eastern red bat 
628 control 7 /31/2010 073110-ERBA-628-2 eastern red bat 
628 control 9 /2 /2010 090210-ERBA-628-2 eastern red bat 
628 control 8 /26/2010 082610-ERBA-628-1 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

628 control 7 /31/2010 073110-ERBA-628-3 eastern red bat 
628 control 5 /2 /2010 050210-SHBA-628-1 silver-haired bat 
628 control 8 /4 /2010 080410-ERBA-628-3 eastern red bat 
628 control 8 /4 /2010 080410-ERBA-628-4 eastern red bat 
628 control 9 /4 /2010 090410-ERBA-628-1 eastern red bat 
628 control 8 /14/2010 081410-ERBA-628-1 eastern red bat 
628 control 9 /11/2010 091110-ERBA-628-2 eastern red bat 
628 control 8 /31/2010 083110-ERBA-628-1 eastern red bat 
628 control 8 /14/2010 081410-BBBA-628-2 big brown bat 
628 control 7 /31/2010 073110-ERBA-628-4 eastern red bat 
628 control 9 /13/2010 091310-SHBA-628-1 silver-haired bat 
628 control 8 /3 /2010 080310-ERBA-628-1 eastern red bat 
628 control 8 /19/2010 081910-HOBA-628-1 hoary bat 
629 control 8 /13/2010 081310-BBBA-629-1 big brown bat 
629 control 8 /29/2010 082910-ERBA-629-1 eastern red bat 
629 control 8 /13/2010 081310-HOBA-629-3 hoary bat 
629 control 8 /13/2010 081310-ERBA-629-2 eastern red bat 
629 control 8 /13/2010 081310-ERBA-629-4 eastern red bat 
630 control 8 /15/2010 081510-HOBA-630-1 hoary bat 
630 control 9 /14/2010 091410-ERBA-630-1 eastern red bat 
630 control 10/4 /2010 100410-SHBA-630-1 silver-haired bat 
630 control 9 /7 /2010 090710-HOBA-630-1 hoary bat 
630 control 8 /11/2010 081110-ERBA-630-1 eastern red bat 
630 control 8 /19/2010 081910-ERBA-630-1 eastern red bat 
630 control 8 /18/2010 081810-ERBA-630-1 eastern red bat 
630 control 8 /29/2010 082910-ERBA-630-1 eastern red bat 
630 control 10/1 /2010 100110-SHBA-630-1 silver-haired bat 
630 control 8 /20/2010 082010-ERBA-630-1 eastern red bat 
630 control 8 /21/2010 082110-ERBA-630-1 eastern red bat 
630 control 8 /16/2010 081610-HOBA-630-1 hoary bat 
630 control 8 /30/2010 083010-ERBA-630-1 eastern red bat 
630 control 8 /26/2010 082610-ERBA-630-1 eastern red bat 
630 control 8 /16/2010 081610-ERBA-630-1 eastern red bat 
630 control 9 /30/2010 093010-SHBA-630-1 silver-haired bat 
630 control 8 /26/2010 082610-ERBA-630-2 eastern red bat 
631 control 10/13/2010 101310-SHBA-631-1 silver-haired bat 
631 control 8 /1 /2010 080110-ERBA-631-1 eastern red bat 
632 control 8 /13/2010 081310-HOBA-632-3 hoary bat 
632 control 8 /13/2010 081310-ERBA-632-2 eastern red bat 
632 control 8 /13/2010 081310-ERBA-632-1 eastern red bat 
634 control 9 /3 /2010 090310-HOBA-634-1 hoary bat 
635 control 8 /20/2010 082010-ERBA-635-1 eastern red bat 
635 control 8 /7 /2010 080710-ERBA-635-1 eastern red bat 
635 control 9 /12/2010 091210-ERBA-635-1 eastern red bat 
635 control 8 /27/2010 082710-ERBA-635-1 eastern red bat 
635 control 8 /20/2010 082010-ERBA-635-2 eastern red bat 



Appendix E. Turbine and cut-in speed treatment for carcasses found at 
Fowler Ridge Wind Energy Facility during 2010 surveys. 

Turbine 
Cut-in 
Treatment Date CarcassID Species 

637 control 8 /13/2010 081310-ERBA-637-2 eastern red bat 
637 control 8 /13/2010 081310-HOBA-637-1 hoary bat 
637 control 9 /10/2010 091010-HOBA-637-1 hoary bat 
639 control 8 /20/2010 082010-ERBA-639-1 eastern red bat 
639 control 8 /13/2010 081310-BBBA-639-1 big brown bat 
639 control 8 /7 /2010 080710-ERBA-639-1 eastern red bat 
640 5 m/s 9 /18/2010 091810-INBA-640-2 Indiana bat 
640 5 m/s 9 /16/2010 091610-ERBA-640-1 eastern red bat 
640 control 4 /14/2010 041410-SHBA-640-1 silver-haired bat 
640 control 4 /24/2010 042410-ERBA-640-1 eastern red bat 
640 control 8 /28/2010 082810-ERBA-640-1 eastern red bat 
640 6.5 m/s 9 /7 /2010 090710-SHBA-640-1 silver-haired bat 
640 6.5 m/s 9 /6 /2010 090610-SHBA-640-1 silver-haired bat 
640 control 8 /29/2010 082910-ERBA-640-1 eastern red bat 
640 5 m/s 10/2 /2010 100210-SHBA-640-1 silver-haired bat 
640 6.5 m/s 9 /7 /2010 090710-ERBA-640-1 eastern red bat 
640 control 4 /26/2010 042610-SHBA-640-1 silver-haired bat 
640 6.5 m/s 9 /13/2010 091310-ERBA-640-1 eastern red bat 
640 5 m/s 9 /16/2010 091610-SHBA-640-2 silver-haired bat 
640 5 m/s 9 /18/2010 091810-SHBA-640-1 silver-haired bat 
640 control 9 /20/2010 092010-SHBA-640-1 silver-haired bat 
640 control 8 /1 /2010 080110-HOBA-640-1 hoary bat 
640 control 4 /20/2010 042010-SHBA-640-1 silver-haired bat 
640 control 9 /22/2010 092210-HOBA-640-1 hoary bat 
640 control 9 /23/2010 092310-ERBA-640-1 eastern red bat 
640 control 9 /21/2010 092110-SHBA-640-1 silver-haired bat 
640 control 9 /21/2010 092110-SHBA-640-2 silver-haired bat 
640 control 7 /31/2010 073110-HOBA-640-2 hoary bat 
640 control 7 /31/2010 073110-HOBA-640-1 hoary bat 
640 control 8 /22/2010 082210-BBBA-640-1 big brown bat 
642 control 10/13/2010 101310-ERBA-642-1 eastern red bat 
642 control 8 /14/2010 081410-ERBA-642-1 eastern red bat 
642 control 8 /1 /2010 080110-HOBA-642-1 hoary bat 
643 control 8 /13/2010 081310-ERBA-643-1 eastern red bat 
643 control 8 /13/2010 081310-ERBA-643-3 eastern red bat 
643 control 8 /13/2010 081310-ERBA-643-5 eastern red bat 
643 control 8 /13/2010 081310-ERBA-643-4 eastern red bat 
643 control 8 /13/2010 081310-BBBA-643-2 big brown bat 
650 control 7 /31/2010 073110-HOBA-640-3 hoary bat 

 



Appendix F. Nightly weather variables recorded at casualty search turbines and one meteorological tower at the Fowler Ridge Wind 
Energy Facility 

Date 
mean.

ws 
var.ws mean.

at 
var.at mean.

nat 
var.nat mean.

hu 
var.hu mean.

nhu 
var.nh

u 
mean.

wd 
mean.

bp 
var.bp range.

bp 
mean.
nbp 

var.nb
p 

range.
nbp 

08/01/10 3.7 0.8 20.3 1.3 20.1 0.1 83.1 19.7 81.2 14.4 52.3 970.0 1.8 5.7 971.1 0.7 5.7 
08/02/10 2.4 1.2 24.2 3.1 24.3 0.9 64.5 33.9 63.9 4.7 96.4 973.6 0.3 2.9 973.9 0.2 2.9 
08/03/10 4.2 4.2 25.9 2.3 25.4 1.0 67.6 56.9 72.8 32.0 194.9 974.0 0.9 4.1 973.6 0.5 3.7 
08/04/10 4.8 3.1 27.8 8.7 28.5 2.5 80.7 97.3 83.7 47.7 235.1 971.3 2.4 6.1 970.2 0.3 2.2 
08/05/10 3.6 2.5 25.9 5.8 24.8 1.7 78.7 98.6 83.8 49.6 315.8 969.9 1.3 5.3 969.6 0.2 3.2 
08/06/10 6.9 1.6 24.7 8.8 22.6 3.7 60.6 146.0 59.2 26.6 329.5 969.8 1.8 5.3 970.3 1.3 5.3 
08/07/10 2.3 1.3 23.8 2.8 23.3 1.2 53.2 55.7 55.1 19.1 319.4 973.4 0.6 4.3 973.7 0.3 4.3 
08/08/10 6.5 3.2 24.7 3.3 24.2 2.6 57.3 49.5 60.2 33.5 203.9 972.7 1.1 4.2 972.1 0.2 2.3 
08/09/10 7.1 1.4 25.7 5.0 25.2 2.1 65.7 21.8 68.4 4.9 183.9 971.4 1.2 5.4 971.4 0.5 3.9 
08/11/10 2.5 2.1 28.1 4.3 28.3 1.6 71.5 48.1 70.8 15.7 176.8 972.7 1.2 5.9 972.0 0.8 3.9 
08/12/10 3.0 1.1 28.5 4.6 28.2 2.5 63.4 66.2 64.2 45.9 342.7 970.0 0.8 4.2 969.8 0.2 2.3 
08/13/10 4.1 1.4 28.7 4.0 27.7 3.7 63.4 73.5 65.4 81.4 107.7 969.7 0.7 3.0 969.3 0.3 2.0 
08/14/10 4.9 4.3 27.4 12.1 25.3 8.7 68.5 115.2 73.9 81.0 197.8 968.3 1.3 4.9 967.9 0.8 3.9 
08/15/10 3.5 2.6 26.7 4.2 27.1 1.6 71.6 78.0 70.3 40.9 202.3 970.2 0.4 3.0 970.4 0.3 3.0 
08/16/10 8.2 1.9 25.5 8.3 23.0 2.6 57.3 99.5 52.8 14.5 312.7 972.6 3.2 6.9 974.1 1.1 6.9 
08/17/10 3.9 1.3 23.8 2.7 23.5 1.0 44.8 70.0 44.5 9.1 282.6 976.5 0.4 -3.3 976.5 0.2 2.3 
08/18/10 4.5 1.3 22.9 2.7 21.6 0.9 57.6 208.8 62.3 340.8 37.7 977.2 0.3 2.6 977.1 0.2 2.3 
08/19/10 5.4 1.1 24.7 5.4 24.4 2.3 54.3 125.1 56.0 42.5 123.7 974.2 2.8 5.6 972.9 0.4 2.6 
08/20/10 5.6 3.5 27.3 7.1 27.1 3.9 55.1 108.0 57.4 64.1 183.7 972.0 0.9 4.5 971.4 0.2 2.6 
08/21/10 6.6 3.9 26.5 11.1 24.6 8.6 58.7 363.0 62.3 588.7 195.2 968.8 4.0 7.2 967.2 0.5 3.0 
08/22/10 4.2 3.5 25.0 4.8 24.8 2.8 73.7 116.9 73.5 71.8 23.5 970.4 6.9 8.8 972.7 1.7 8.8 
08/23/10 6.1 1.5 23.5 7.7 21.4 1.4 70.3 173.1 79.7 37.7 28.8 975.7 0.3 3.0 975.9 0.2 3.0 
08/24/10 5.1 1.7 23.1 5.8 22.0 4.0 69.7 136.8 73.8 73.9 89.0 975.4 0.8 3.9 975.0 0.2 2.6 
08/25/10 3.7 5.2 22.9 4.7 22.5 3.5 65.4 133.3 64.9 101.3 28.0 974.9 0.9 4.3 974.7 0.3 3.3 
08/26/10 4.7 3.2 21.7 7.1 20.1 4.1 49.0 184.8 55.7 105.6 41.2 977.2 2.6 7.2 978.4 1.7 7.2 
08/27/10 4.9 2.1 20.8 5.0 20.5 2.3 45.8 82.0 45.5 19.5 134.4 979.8 1.0 3.6 979.1 0.1 1.6 
08/28/10 5.7 3.9 23.4 6.9 22.9 4.7 39.9 36.4 39.4 18.7 141.7 978.7 1.0 3.9 978.1 0.2 1.9 
08/29/10 7.3 3.2 26.2 10.1 26.3 5.4 45.2 217.9 51.6 188.3 169.4 977.3 1.3 5.6 977.1 0.6 4.6 
08/30/10 6.1 1.7 27.9 9.9 26.5 7.1 54.2 161.4 57.6 128.8 202.6 979.5 2.0 6.5 980.3 1.4 6.5 
08/31/10 7.2 1.3 25.8 4.7 24.9 4.0 65.2 85.0 69.4 91.3 192.5 979.8 2.1 4.9 978.8 0.1 2.0 
09/01/10 8.3 1.4 26.2 7.8 24.9 4.8 62.7 95.7 65.9 46.5 191.7 975.3 4.2 7.2 973.7 0.4 2.3 
09/02/10 3.7 1.6 23.1 1.9 22.0 0.1 80.5 86.7 88.4 10.8 213.6 972.6 0.4 3.3 972.6 0.4 3.3 
09/03/10 8.7 3.1 22.5 10.6 20.8 9.0 81.0 120.2 84.0 40.0 264.0 968.8 2.6 6.5 967.8 0.5 3.6 
09/04/10 8.3 1.7 17.4 11.1 15.1 6.4 58.3 329.2 65.9 164.8 301.3 969.7 2.5 6.2 970.9 1.0 6.2 
09/05/10 3.8 2.8 16.6 3.9 16.5 1.0 45.1 158.3 44.1 10.6 300.9 973.7 1.4 5.3 974.7 0.4 5.3 
09/06/10 8.0 2.7 20.3 5.8 20.2 2.3 44.9 56.1 48.6 27.5 192.3 973.4 1.9 5.2 972.9 0.5 3.6 
09/07/10 10.4 1.8 24.3 10.1 23.4 3.8 39.4 143.2 44.0 111.3 206.0 971.0 1.5 6.5 970.7 0.3 3.6 
09/08/10 8.9 3.1 21.1 14.6 18.3 9.0 41.2 212.5 48.2 118.9 311.6 973.9 3.3 7.2 975.5 1.3 7.2 



Appendix F. Nightly weather variables recorded at casualty search turbines and one meteorological tower at the Fowler Ridge Wind 
Energy Facility 

Date 
mean.

ws 
var.ws mean.

at 
var.at mean.

nat 
var.nat mean.

hu 
var.hu mean.

nhu 
var.nh

u 
mean.

wd 
mean.

bp 
var.bp range.

bp 
mean.
nbp 

var.nb
p 

range.
nbp 

09/09/10 6.0 2.2 17.5 14.6 15.3 8.6 52.4 244.2 61.5 125.6 76.4 976.8 0.9 4.6 977.0 0.3 3.6 
09/10/10 7.4 1.5 17.4 11.8 15.9 4.6 55.2 210.0 62.9 74.6 76.0 975.3 2.8 6.8 974.0 0.2 2.9 
09/11/10 4.8 3.0 20.7 10.7 19.7 2.9 45.8 225.6 50.8 189.1 127.1 970.9 2.6 6.2 969.9 0.9 4.0 
09/12/10 6.7 3.5 19.3 7.0 19.0 4.3 65.4 209.3 55.2 18.5 310.0 971.1 7.8 10.1 973.4 3.8 10.1 
09/13/10 8.8 2.4 22.9 11.4 21.8 6.2 40.9 175.3 47.4 122.6 261.7 975.4 1.2 4.6 974.9 0.2 2.7 
09/14/10 4.4 1.2 24.1 15.1 22.3 7.9 39.1 133.7 40.4 57.3 62.4 974.7 2.0 5.9 975.5 1.1 5.9 
09/15/10 7.4 3.0 21.3 12.8 19.3 9.2 42.0 142.3 49.8 96.1 86.4 976.8 0.4 3.3 976.9 0.3 2.6 
09/16/10 7.4 7.2 23.1 15.0 22.7 7.1 53.6 384.5 64.0 412.6 216.0 971.6 16.8 13.7 968.1 3.6 6.8 
09/17/10 6.3 2.2 17.5 9.1 14.6 0.6 69.8 67.0 72.1 6.3 5.2 972.0 15.4 12.4 975.5 1.4 12.4 
09/18/10 5.9 2.0 20.4 6.7 21.0 2.1 48.8 106.4 47.2 46.1 208.4 977.6 1.2 4.9 977.3 0.4 3.3 
09/19/10 4.9 2.1 19.8 15.4 16.6 3.4 72.3 197.0 85.7 12.7 45.0 978.5 1.2 5.5 979.3 0.4 5.5 
09/20/10 4.4 1.3 20.0 12.7 18.5 3.5 69.2 173.1 72.9 44.4 60.8 978.4 1.2 4.9 977.8 0.2 2.2 
09/21/10 7.5 2.0 24.8 10.3 25.0 6.3 61.2 133.1 61.7 93.1 178.7 974.6 3.5 6.2 973.2 0.1 2.0 
09/22/10 4.8 8.8 25.6 26.2 21.9 7.4 56.0 578.6 73.4 206.6 291.8 971.3 3.4 7.5 972.1 2.4 7.5 
09/23/10 6.0 3.6 21.4 3.3 21.2 1.7 77.9 90.6 78.9 55.1 176.1 976.3 0.4 -3.6 976.4 0.4 3.3 
09/24/10 11.6 2.5 27.5 9.8 26.4 1.7 45.8 150.2 46.8 16.7 208.9 971.4 4.4 8.5 970.0 1.3 3.6 
09/25/10 7.9 1.7 18.6 13.2 15.7 7.3 63.3 130.1 64.0 62.8 301.6 973.1 5.2 9.5 975.1 0.6 9.5 
09/26/10 4.7 1.8 13.1 7.5 11.0 0.1 69.3 242.7 81.3 27.8 33.5 977.1 0.5 3.6 977.2 0.4 3.6 
09/27/10 6.3 2.3 12.5 3.2 11.4 0.9 61.7 107.0 63.5 11.2 47.9 975.9 1.6 4.9 975.1 0.5 2.6 
09/28/10 3.8 1.8 16.0 4.2 17.0 0.0 45.4 53.0 42.0 0.0 340.0 969.3 6.4 9.1 967.4 1.6 3.9 
09/29/10 4.9 2.4 17.7 5.0 16.3 1.9 37.7 102.9 42.4 80.9 93.1 967.5 2.3 6.1 968.8 0.5 6.1 
09/30/10 4.3 1.7 20.7 8.1 20.5 3.2 39.4 180.8 44.7 108.3 281.4 968.3 2.1 5.6 967.7 0.2 2.7 
10/01/10 5.4 5.2 17.6 11.2 14.8 1.2 53.2 206.8 61.1 13.9 28.9 972.5 12.5 11.4 975.7 2.8 11.4 
10/02/10 5.9 7.7 17.5 11.0 16.5 10.4 46.4 354.5 50.9 414.6 292.6 974.9 4.9 8.8 973.4 1.2 4.9 
10/03/10 7.4 2.8 9.5 5.0 7.5 1.0 76.2 75.8 77.9 48.2 10.3 978.7 8.3 9.8 981.3 1.2 9.8 
10/04/10 5.7 2.7 9.5 3.8 8.4 1.1 52.9 69.4 58.6 11.6 37.9 984.2 0.9 4.5 984.9 0.3 4.5 
10/05/10 3.9 2.3 10.8 6.2 10.0 1.1 51.1 203.7 59.3 44.5 16.0 985.2 0.9 4.9 985.2 0.3 4.2 
10/06/10 4.9 4.9 15.2 7.8 15.2 2.0 34.6 172.7 33.0 27.3 326.5 983.3 3.8 7.1 981.9 0.9 3.2 
10/07/10 8.7 3.8 18.7 13.0 18.0 7.3 43.6 188.0 52.6 111.3 309.3 974.9 7.0 9.5 973.2 1.0 4.9 
10/08/10 5.5 3.6 20.0 9.0 19.7 3.1 29.6 283.3 24.3 22.5 321.5 977.0 0.5 3.9 977.1 0.1 3.3 
10/09/10 7.1 3.2 22.3 6.7 21.5 2.9 24.2 66.9 29.4 30.4 264.4 975.8 2.1 5.2 974.9 0.2 2.3 
10/10/10 5.6 1.9 25.3 10.1 24.9 3.4 34.7 26.4 34.8 7.6 282.7 974.0 1.1 4.6 973.7 0.1 2.6 
10/11/10 5.1 4.6 24.9 7.3 23.4 5.6 32.6 61.5 35.0 79.0 267.8 970.8 3.0 6.1 969.8 0.1 2.2 
10/12/10 4.1 1.7 23.7 8.4 22.6 6.7 35.5 147.4 38.5 164.1 333.2 968.9 1.2 4.6 969.3 0.4 4.2 
10/13/10 3.2 1.8 21.5 12.7 20.0 7.0 47.9 170.4 51.0 102.5 129.5 971.8 0.6 4.2 972.4 0.2 4.2 
10/14/10 6.8 3.1 14.2 3.8 12.7 1.4 63.8 215.1 55.2 178.0 342.2 975.7 1.7 5.2 976.9 0.2 5.2 
10/15/10 10.0 3.5 14.0 6.5 13.1 3.4 38.2 169.4 44.3 147.0 290.2 971.1 20.2 14.7 967.4 3.6 6.5 

 



 
Appendix G. Wind energy facilities in North America with activity and fatality data for bat species, 

grouped by geographic region. Bat activity estimates are included where available. To 
date, no studies or bat fatality estimates from southeastern facilities have been made 
public. 

Wind Energy Facility 
Bat Activity 
EstimateA 

Fatality 
EstimateB 

No. of 
Turbines 

Total 
MW 

Fowler, IN (2009)  8.09 162 301 
Fowler, IN (2010) 15.06 13.10 355 599 

Midwest
Blue Sky Green Field, WI 7.7D 24.57 88 145 
Top of Iowa, IA (2004) 34.9C 10.27 89 80 
Top of Iowa, IA (2003) 34.9C 7.16 89 80 
Kewaunee County, WI  6.55 31 20 
Ripley, Ont.  4.67 38 76 
Buffalo Ridge, MN (Phases II&III; 2001) 2.2 4.03 281 210.75 
Crescent Ridge, IL  3.27 33 49.5 
Buffalo Ridge, MN (Phase III; 1999)  2.72 138 103.5 
Buffalo Ridge, MN (Phase II; 1999)  2.59 143 107.25 
Buffalo Ridge, MN (Phase II; 1998)  2.16 143 107.25 
Grand Ridge, IL  2.10 66 99 
Buffalo Ridge, MN (Phases II&III; 2002) 1.9 1.73 281 210.75 
NPPD Ainsworth, NE  1.16 36 59.4 
Buffalo Ridge, MN (Phase I; 1999)  0.76 73 25 

Rocky Mountains
Summerview, Alb. (2006) 5.3 14.62 39 70.2 
Summerview, Alb. (2005/2006)  10.27 39 70.2 
Judith Gap, MT  8.93 90 135 
Summerview, Alb. (2007)  8.23 39 70.2 
Foote Creek Rim, WY (Phase I; 1999)  3.97 69 41.4 
Foote Creek Rim, WY (Phase I; 2001/2002)  1.57 69 41.4 
Foote Creek Rim, WY (Phase I; 2000) 2.2 1.05 69 41.4 

Western
Stateline, OR/WA (2003)  2.52 454 300 
High Winds, CA (2004)  2.51 90 162 
Nine Canyon, WA  2.47 37 48 
Dillon, CA  2.17 45 45 
Biglow Canyon I, OR (2008)  1.99 76 125.4 
Leaning Juniper, OR  1.98 67 100.5 
Big Horn, WA  1.90 133 199.5 
Combine Hills, OR  1.88 41 41 
High Winds, CA (2005)  1.52 90 162 
Stateline, OR/WA (2002)  1.20 454 300 
Vansycle, OR  1.12 38 24.9 
Klondike, OR  0.77 16 24 
Hopkins Ridge, WA  0.63 83 150 
Biglow Canyon I, OR (2009)  0.58 76 125.4 
Klondike II, OR  0.41 50 75 
Wild Horse, WA  0.39 127 229 
Marengo II, WA  0.27 39 70.2 
Marengo I, WA  0.17 78 140.4 
SMUD, CA  0.07  15 
Alta-Oak Creek Mojave, CA 2.5    



Appendix G. Wind energy facilities in North America with activity and fatality data for bat species, 
grouped by geographic region. Bat activity estimates are included where available. To 
date, no studies or bat fatality estimates from southeastern facilities have been made 
public. 

Wind Energy Facility 
Bat Activity 
EstimateA 

Fatality 
EstimateB 

No. of 
Turbines 

Total 
MW 

Southern Plains
Oklahoma Wind Energy Center, OK  0.53 68 102 
Buffalo Gap, TX  0.10 67 134 

Northeastern
Buffalo Mountain, TN (2006)  39.70 18 29 
Mountaineer, WV 38.3 31.69 44 66 
Buffalo Mountain, TN (2000-2003) 23.7 31.54 3 2 
Cassleman, PA  18.91 23 34.5 
Meyersdale, PA  18.00 20 30 
Cohocton/Dutch Hill, NY  16.02 50 125 
Casselman, PA (Curtailment)  15.66 23 34.5 
Maple Ridge, NY (2006)  15.00 120 198 
Noble Bliss, NY (2008)  14.66 67 100 
Mount Storm, WV (2008) 35.2 12.11 82 164 
Maple Ridge, NY (2007)  9.42 195 321.75 
Noble Clinton, NY (2009)  6.48 67 100 
Wolfe Island, Ont.  6.42 86 197.8 
Noble Bliss, NY (2009)  5.50 67 100 
Noble Ellenburg, NY (2008)  5.45 54 80 
Noble Ellenburg, NY (2009)  5.34 54 80 
Noble Clinton, NY (2008)  3.63 67 100.5 
Mars Hill, ME (2007)  2.91 28 42 
Stetson Mountain, ME 0.30 1.40 38 57 
Munnsville, NY  0.46 23 34.5 
Mars Hill, ME (2008)  0.45 28 42 
A=bat passes per detector-night 
B=number of bats fatalities per megawatt per study period 
C=averaged across phases and/or study years, and may not be directly related to fatality estimates 
D=bat activity not measured concurrently with bat fatality studies 

  



 
Appendix G. Wind energy facilities in North America with activity and fatality data for bat species, 

grouped by geographic region. Bat activity estimates are included where available. To 
date, no studies or bat fatality estimates from southeastern facilities have been made 
public. 

Data from the following sources: 
Facility Activity Estimate Fatality Estimate Facility Activity Estimate Fatality Estimate 
Blue Sky Green Field, WI Gruver 2008 Gruver et al. 2009 Klondike, OR  Johnson et al. 2003 
Top of Iowa, IA (2004) Jain 2005 Jain 2005 Hopkins Ridge, WA  Young et al. 2007 
Top of Iowa, IA (2003) Jain 2005 Jain 2005 Biglow Canyon I, (09)  Enk et al. 2010 

Kewaunee County, WI  Howe et al. 2002 Klondike II, OR  NWC and WEST 
2007 

Ripley, Ont.  Jacques Whitford 2009 Wild Horse, WA  Erickson et al. 2008 
Buffalo Ridge, MN (Phase 

II& III; 01) 
Johnson et al. 2004 Johnsonet al. 2004 Marengo II, WA  URS Corporation 

2010b 
Crescent Ridge, IL  Kerlinger et al. 2007 Marengo I, WA  URS Corporation 

2010a 
Buffalo Ridge, MN (Phase 

III; 99) 
 Johnsonet al. 2004 SMUD, CA  URS et al. 2005 

Buffalo Ridge, MN (Phase II; 
99) 

 Johnsonet al. 2004 Alta-Oak Creek Mojave, 
CA 

Erickson et al. 2009  

Buffalo Ridge, MN (Phase II; 
98) 

 Johnsonet al. 2004 Oklahoma Wind Energy 
Center, OK 

 Piorkowski 2006 

Grand Ridge, IL  Derby et al. 2010 Buffalo Gap, TX  Tierney 2007 
Buffalo Ridge, MN (Phase 

II& III; 02) 
Johnsonet al. 2004 Johnsonet al. 2004 Buffalo Mountain, TN 

(06) 
 Fiedler et al. 2007 

NPPD Ainsworth, NE  Derby et al. 2007 Mountaineer, WV Arnett (pers comm. 2005) Kerns and Kerlinger 
2004 

Buffalo Ridge, MN (Phase I; 
99) 

 Johnson et al. 2000 Buffalo Mountain, TN 
(00-03) 

Fiedler 2004 Nicholson et al. 2005

Summerview, Alb. (06) Baerwald 2008 Baerwald 2008 Casselman, PA  Arnett et al. 2009b 
Summerview, Alb. (05/06)  Brown and Hamilton 

2006 
Meyersdale, PA  Arnett et al. 2005 

Judith Gap, MT  TRC 2008 Cohocton/Dutch Hill, 
NY 

 Stantec 2010 

Summerview, Alb. (07)  Baerwald 2008 Casselman, PA 
(Curtailment) 

 Arnett et al. 2009a 

Foote Creek Rim, WY 
(Phase I; 99) 

 Young et al. 2003 Maple Ridge, NY (06)  Jain et al. 2007 

Foote Creek Rim, WY 
(Phase I; 01/02) 

 Younget al. 2003 Noble Bliss, NY (08)  Jain et al. 2009c 

Foote Creek Rim, WY 
(Phase I; 00) 

Gruver 2002 Younget al. 2003 Mount Storm, WV (08) Young et al. 2009 Younget al. 2009 

Stateline, OR/WA (03)  Erickson et al. 2004 Maple Ridge, NY (07)  Jain et al. 2008 
High Winds, CA (04)  Kerlinger et al. 2006 Noble Clinton, NY (09)  Jain et al. 2010b 
Nine Canyon, WA  Erickson et al. 2003 Wolfe Island, Ont.  Stantec, Ltd. 2010 
Dillon, CA  Chatfield et al. 2009 Noble Bliss, NY (09)  Jain et al. 2010a 
Biglow Canyon I, OR (08)  Jeffrey et al. 2009 Noble Ellenburg, NY 

(08) 
 Jain et al. 2009a 

Leaning Juniper, OR  Gritski et al. 2008 Noble Ellenburg, NY 
(09) 

 Jain et al. 2010c 

Big Horn, WA  Kronner et al. 2008 Noble Clinton, NY (08)  Jain et al. 2009b 
Combine Hills, OR  Young et al. 2006 Mars Hill, ME (07)  Stantec 2008a 
High Winds, CA (05)  Kerlingeret al. 2006 Stetson Mountain, ME Stantec 2009b Stantec 2009b 
Stateline, OR/WA (02)  Ericksonet al. 2004 Munnsville, NY  Stantec 2008b 
Vansycle, OR  Erickson et al. 2000 Mars Hill, ME (08)  Stantec 2009a 
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EXECUTIVE SUMMARY 

The Fowler Ridge Wind Farm (FRWF) is located in Benton County, Indiana, and currently 
consists of 355 wind turbines in three operating phases. A post-construction casualty study of 
birds and bats was conducted by Western EcoSystems Technology, Inc. (WEST) in Phases I 
and III during 2009. During such study, an Indiana bat carcass was discovered by staff at the 
FRWF.  A Scientific Research and Recovery Permit (SRRP) for the Indiana bat (TE15075A-2) 
was issued for further research of Phases I, II, and III in 2010 and 2011. One additional Indiana 
bat carcass was found, in the fall of 2010. As a result of this discovery, the US Fish and Wildlife 
Service (USFWS) Field Office in Bloomington, Indiana, recommended that the FRWF develop a 
Habitat Conservation Plan (HCP). Consequently, the owners of the FRWF requested that 
WEST conduct further research of Indiana bat use and methods for reducing bat fatality rates. 
The results of the research at the FRWF will be used for developing an HCP and applying for an 
Incidental Take Permit (ITP) from Region 3 of the USFWS. The results presented in this report 
were collected under the SRPP referenced above. 
 
Studies at the FRWF in 2011 were comprised of two components: a bat casualty study and an 
acoustical bat survey. The primary objectives included: 
 

1. Measuring the effectiveness of feathering turbine blades prior to reaching cut-in speeds 
for reducing bat fatality rates;  

 
2. Determining if overall fall bat fatality rates were similar to or different from rates 

recorded in fall of 2010; 
 

3. Determining if bat activity rates were similar between fall of 2010 and 2011; 
 

4. Determining if bat activity rates by species or species group are related to bat fatality 
rates; and  

 
5. Determining if relatively large amounts of Indiana bat activity occurs during fall 

migration. 
 

6. Further examine the efficacy of use of roads and pads as primary sampling units for 
measuring bat casualty rates 

 
 

 
The 2011 casualty study took place during spring (April 1 – May 15) and fall (July 15 – October 
29) migration periods for Indiana bats. Casualty searches were completed on two types of plots: 
1) 80-meter (262-[ft]) radius circular plots cleared of vegetation; and 2) roads and pads within 80 
meters of turbines. Carcass searches were conducted at 6-day intervals during the spring on 
177 roads and pads. During the fall, 168 turbines were sampled on roads and pads daily, and 
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nine cleared plots were searched every other day. Tests of searcher efficiency and carcass 
removal rates were also conducted. 
 
Bat casualty rates were measured at three different speed adjustments or “treatments” and two 
sets of “control” turbines with no cut-in speed adjustment. Nine turbines were randomly selected 
from the sample of 36 cleared plots searched in 2010, and were considered a “control” sample, 
and had no treatments for the duration of the study. The nine control turbines were comprised of 
three each of the GE SLE 1.5-MW turbines, the Clipper C96 2.5-MW turbines, and the Vestas 
V82 1.65-MW turbines at cleared plots. Treatments for blade feathering and a second set of 
“control” turbines were rotated on a nightly basis between the remaining 168 turbines where 
only roads and pads were searched, with 42 turbines assigned to each group. The treatment 
included turbines with blades feathered below 5.5 m per second (m/s; 18.0 ft/s), below 4.5 m/s 
(14.8 ft/s), and below 3.5 m/s (11.5 ft/s), and a control group with no feathering. Turbines were 
assigned to control and treatment groups among the 168 turbines on a nightly basis using a 
balanced block design to ensure that equal numbers of each turbine type were assigned to each 
treatment. 
 
A total of 573 bat carcasses were found, of which 425 bats were found during regularly 
scheduled searches, with an additional seven bats being found incidentally at turbine search 
plots. The remaining 141 bat carcasses were found outside of the study period during clearing 
searches or not on scheduled search turbines; they were identified, but were not included in the 
casualty estimates. Most fatalities occurred during the fall migration period. Similar to 2010, the 
most commonly found bat species was eastern red bat (305 casualties, 53.23% of fatalities), 
followed by hoary bat (159 casualties, 27.75%), silver haired bat (81 casualties, 14.14%), and 
big brown bat (16 casualties, 2.79%). Two new species were found in 2011, including four 
evening bats and three Seminole bats. No Indiana bat carcasses were found in 2011, and 
similar to 2010, Myotis casualties were comparatively rare in 2011. Two Myotis carcasses were 
found in 2011 (0.4% of all bat casualties), both little brown bats.  
 
Casualty estimates from 2010 were based on searches within 80 X 80 m (262 X 262 ft) cleared 
plots. The corners of each plot were 57 m (187 ft) away from the turbine. The search area 
covered 6,400 m2(68,889 ft2) on each plot and was equivalent to searching a circle with a radius 
of 45 m (484 ft). Based on the distribution of bat fatalities within the larger 80-m radius cleared 
plots that were searched in 2011, 23.3% of fatalities in 2010 fell outside of 40-m square plots. 
Estimates of bat fatality rates at control plots were similar in 2010 (29.79 fatalities/turbine/year 
with empirical estimator) and 2011 (34.10 fatalities/turbine/year with empirical estimator) after 
2010 estimates were adjusted for bats falling outside of plots.  
 
Bat casualty rates were decreased by about 36%, 57%, and 73% in 2011 compared to control 
turbines when blades were feathered at 3.5 m/s, 4.5 m/s, and 5.5 m/s, respectively. Chi-square 
tests of proportions showed that decreases in observed bat fatality rates between control 
turbines with no feathering compared to feathered turbines was statistically significant (p < 
0.05). Chi-square tests of proportions between successive treatment levels also showed 
significant decreases in fatality counts (p < 0.05). 
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Bat activity was monitored with Anabat ultrasonic bat detectors at four turbines on a total of 46 
nights during the spring period of March 31 through May 15, and again at 4 turbines and two 
reference   locations on a total of 95 nights during the fall period of July 14 through October 31, 
2011. Anabat units were placed on nacelles as well as at the base of turbines. Anabat units 
were operable for 67.2% and 96.2% of the spring sampling period for raised and ground units, 
respectively; and 79.0% and 98.9% of the fall sampling period for raised and ground units, 
respectively. Anabat units recorded 535 bat passes on 323 detector-nights during the spring 
and 11,730 bat passes on 860 detector-nights during the fall. The average spring bat activity 
(mean ± standard error) was 2.57 ± 0.06 and 0.56 ± 0.02 bat passes per detector-night for 
ground and raised stations, respectively. The average fall activity was 16.72 ± 1.52 and 5.19 ± 
0.59 at ground and raised stations, respectively. The big brown/silver-haired group composed 
the majority of calls identified to species groups (44.1%), followed by eastern red bat (25.5%) 
and hoary bat (17.8%). Hoary bats were the most commonly identified call at raised stations, 
while big brown/silver-haired were the most commonly identified call at ground stations. Myotis 
species composed 0.2% of calls identified to species group, and no calls were identified as 
Indiana bat by WEST biologists.  
 
Relationships between bat casualty rates, bat activity, turbine model, and weather were 
evaluated utilizing generalized linear modeling during the fall migration period of 2011. The 
2011 study involved feathering blades at 126 of the 168 turbines searched on a daily basis. The 
blade feathering experiment altered the relationship between bat fatalities and wind speed, with 
fewer bat fatalities occurring when winds were below cut-in speeds of turbines. A total of about 
77% of all bat fatalities and 73% of all bat activity recorded by detectors on nacelles occurred 
below 5.5 m/s. This suggests that wind speeds above certain thresholds greatly reduce bats’ 
ability to fly near nacelle height.  
 
In 2011, bat fatality rates and barometric pressure were inversely related. Barometric pressure 
typically decreases in advance of weather fronts, followed by precipitation events. It is unclear if 
the relationship between barometric pressure and bat fatalities was the result of bats migrating 
in front of oncoming weather fronts, or decreases in bat activity and bat fatality rates associated 
with precipitation and increasing barometric pressure after storm fronts arrived. Bat fatality rates 
were positively associated with increasing barometric pressure in 2010. The differences in this 
relationship between 2010 and 2011 present seemingly contradictory results. However, 2010 
was one of the driest summer and fall periods on record in Indiana, and many passages of 
fronts in 2010 were not followed by precipitation events. The summer and fall of 2011 was 
closer to the historical average for precipitation. 
 
Other researchers have also noted relationships between lower wind speeds and passage of 
weather fronts on bat activity and casualty rates in Tennessee, West Virginia, Iowa, and 
Wisconsin. The consistency of results across wind-energy facilities and regions suggests it is 
possible to predict when the largest numbers of bat casualties occur, which can serve as a 
basis for designing strategies to reduce bat casualty rates.  
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Turbine model was a significant predictor of bat fatalities in 2011, with more bat fatalities 
observed at control Vestas and Clipper turbines, and fewer observed at control GE turbines. 
Although Clipper turbines have a greater rotor swept area, control Vestas turbines showed a 
higher per turbine fatality rate in 2011 compared to control Clipper and GE turbines. Further 
examination in 2011 suggests that turbine behavior prior to reaching cut-in speeds may also 
affect bat fatality rates. Prior to reaching cut-in speeds in 2011, control Vestas turbines were 
spinning more often and at higher speeds than GE and Clipper turbines. Differences in turbine 
behavior between turbine type prior to reaching cut-in speeds, as well as the results of the blade 
feathering experiment, suggest that the rotor swept area was not the only factor determining 
differences in bat fatality rates between turbine types. Bats are more active during lower wind 
speeds, and decreasing the amount of time turbines are spinning during lower wind speeds 
significantly decreased bat fatality rates. 
 
The results of research conducted at FRWF during 2010 and 2011 show that comparable 
estimates of overall bat casualty rates can be obtained utilizing roads and pads as the primary 
sampling unit, under a double sampling strategy, compared to reliance on cleared plots. The 
results also show that daily searches are not needed to calculate comparable casualty 
estimates at FRWF assuming the carcass removal rates remain similar in the future. Use of 
roads and pads as sampling units provide a more cost-effective method for estimating overall 
bat casualty rates at FRWF compared to reliance on cleared plot searches or searches of 
standing corn and soybean fields. 
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INTRODUCTION AND BACKGROUND 

The Fowler Ridge Wind Farm (FRWF) is located in Benton County, Indiana, and currently 
consists of 355 wind turbines in three operating phases (Figure 1). A post-construction casualty 
study of birds and bats was conducted by Western EcoSystems Technology, Inc. (WEST) in 
Phases I and III during 2009 (Johnson et al. 2010a, 2010b, Good et al. 2011). During such 
study, an Indiana bat carcass was discovered by staff at the FRWF.  A Scientific Research and 
Recovery Permit (SRRP) for the Indiana bat (TE15075A-2) was issued for further research for 
Phases I, II, and III in 2010 and 2011. One additional Indiana bat carcass was found, in the fall 
of 2010 (Good et al. 2011). As a result of this discovery, the US Fish and Wildlife Service 
(USFWS) Field Office in Bloomington, Indiana, recommended that the FRWF develop a Habitat 
Conservation Plan (HCP). Consequently, the owners of the FRWF requested that WEST 
conduct further research of Indiana bat use and methods for reducing bat fatality rates. The 
results of the research at the FRWF will be used for developing an HCP and applying for an 
Incidental Take Permit (ITP) from Region 3 of the USFWS. The results presented in this report 
were collected under the SRPP referenced above. 
 
Studies at the FRWF in 2011 were comprised of two components: a bat casualty study and an 
acoustical bat survey. The primary objectives included: 
 

1. Measuring the effectiveness of feathering turbine blades prior to reaching cut-in speeds 
for reducing bat fatality rates;  

 
2. Determining if overall fall bat fatality rates were similar to or different from rates 

recorded in fall of 2010; 
 

3. Determining if bat activity rates were similar between fall of 2010 and 2011; 
 

4. Determining if bat activity rates by species or species group are related to bat fatality 
rates; and  

 
5. Determining if relatively large amounts of Indiana bat activity occurs during fall 

migration. 
 

6. Further examine the efficacy of use of roads and pads as primary sampling units for 
measuring bat casualty rates 



Fowler Ridge 2011 Study Results 

 

WEST, Inc. 2 January 31, 2012 

 

Figure 1. Location of the Fowler Ridge Wind Farm, Phases I, II and III. 
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STUDY AREA 

The FRWF currently has a total energy capacity of 600 MW. Phase I consists of 122 Vestas 
V82 1.65-MW turbines and 40 Clipper C96 2.5-MW turbines for a total of 301 MW of energy 
capacity. Phase II consists of 133 1.5-MW General Electric (GE) SLE Turbines with a total 
capacity of 199.5 MW. Phase III consists of 60 Vestas V82 1.65-MW turbines (99 total MW of 
capacity). The three turbine types varied in size (Table 1).  
 
Table 1. Turbine characteristics at the Fowler Ridge Wind Farm. 

Turbine Model MW 
Turbine Height 

(meters) 
Rotor Diameter 

(meters) 
Standard cut-in speed 

(meters/second) 
GE SLE 1.5 80 77 3.5 
Vestas V82 1.65 80 82 3.5 
Clipper C96 2.5 80 96 3.5 
 
Phases I and III were constructed in 2008 and became operational during January of 2009. 
Phase II was constructed in 2009 and became operational by December 31, 2009. 
 
The FRWF is located in western Indiana in Benton County (Figure 1). The wind energy facility 
lies within the Tipton Tall Plain physiographic region that includes much of central Indiana and 
lies within the Grand Prairie Natural Region that includes a small section of north central Indiana 
(Whitaker and Mumford 2009). The topography of the FRWF is mostly flat to slightly rolling and 
there are no hills, ridges, or other areas of starkly elevated topography (Figure 2). Elevations in 
the project area range from approximately 700-800 feet (ft; 213-244 meters [m]). The area 
averages 40 inches (102 centimeters [cm]) of precipitation per year and average temperatures 
range from 19 to 45 °F (-7.2 to 7.3 °C) in January to 65 to 86 °F (18 to 30 °C) in July. Soils in 
the FRWF are various combinations of silt loam, clay loam, loam, silty clay loam, sandy loams 
and sandy clays (USDA-NRCS 2006). Much of the area is classified as prime farmland based 
on soil type. The FRWF is dominated by tilled agriculture (Figure 3), with corn (Zea mays) and 
soybeans (Glycine max) being the dominant crops. Of the roughly 59,000 acres (about 92 
square miles [mi2]) within one half-mile (0.80 km) of turbine locations, row crops comprise about 
93% of the land use for the study area (Homer et al. 2004; Table 2, Figure 3). After tilled 
agriculture, the next most common land uses within the FRWF are developed areas (e.g., 
houses and buildings), which compose 5.3% of the total, and pastures/hayfields, which 
compose 1.7% of the total area. There are 23.9 acres (0.04 mi2) of grasslands which compose 
less than 0.1% of the FRWF. Grasslands in the study area are limited primarily to strips along 
drainages, railroad rights-of-way (ROWs), and ROWs along county and state roads. There are 
also a few grass-lined waterways within cultivated fields in the study area. Trees in the study 
area occur at homesteads, along some of the drainages and fencerows, and within some small, 
isolated woodlots. Forested areas are rare within the study area based on 2001 data (Homer et 
al. 2004), and the 291.11 acres (0.45 mi2) of forest compose 0.5% of the total area. Small 
amounts of barren ground, open water, and woody wetlands are also present. 
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Figure 2. Elevation and topography of the Fowler Ridge Wind Farm. 
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Figure 3. Turbine locations and land cover data at the Fowler Ridge Wind Farm (USGS NLCD 2001). 
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Table 2. Land cover data within a half-mile of turbine locations within the Fowler Ridge Wind 

Farm (Homer et al. 2004). 
Habitat Type Acres Percent Composition 
Crops 54,611.24 92.5 
Developed, Low Intensity 1,682.37 2.9 
Developed, Open Space 1,347.93 2.3 
Pasture/Hay 978.15 1.7 
Deciduous Forest 291.90 0.5 
Developed; Medium Intensity 53.65 0.1 
Grassland 23.90 <0.1 
Open Water 18.25 <0.1 
Developed, High Intensity 16.40 <0.1 
Barren 10.02 <0.1 
Woody Wetlands 1.23 <0.01 
Total 59,035.05 100 

METHODS 

Seasons 

The 2011 casualty study occurred during spring (April 1 – May 15) and fall (July 15 – October 
29) migration periods for Indiana bats (USFWS 2007). The FRWF is located within an area 
dominated by corn and soybean fields, and forest cover is rare. Based on the overall lack of 
forest cover, as well as an assessment of the project by the USFWS, Indiana bats were 
assumed to be absent during summer. The first Indiana bat carcass was found on September 
11, 2009 (see USFWS 2010) and the second Indiana bat carcass was found on September 18, 
2010 (Good et al. 2011). Based on timing and land cover surrounding the carcasses and 
turbines, the bats were assumed to have been fall migrants. The vast majority of bat fatalities of 
other species at Fowler I, II and III, and at other wind energy facilities, have also been found 
during the fall migration period, with a smaller peak of fatalities occurring during the spring 
migration period (Arnett et al. 2008; Johnson et al. 2010a, 2010b).  

Search Plot and Sample Size 

The FRWF is currently comprised of 355 turbines. One-hundred-seventy-seven turbines (50%) 
were sampled during the study (Figures 2 and 3). These 177 turbines included 136 turbines 
sampled in the fall of 2010. An additional 41 turbines were selected using a systematic sample 
with a random start to ensure sampling locations were representative of the entire FRWF.  
 
During spring, carcass searches were conducted along access roads and turbine pads within 80 
m (262 ft) of 177 turbines. The results of the 2010 study supported the use of road and pad 
searches for generating comparable and unbiased overall bat fatality estimates (Good et al. 
2011).  
 
During the fall, 168 turbine pads and roads were searched daily from July 15 – October 15, 
2011. Circular 80-m radius plots (160 m [525 ft] in diameter; Figure 4) at nine turbines were 
maintained relatively free of vegetation during the fall in order to increase searcher efficiency 
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rates. Weed and crop growth was minimized throughout the fall through the use of herbicides 
and mowing. Per USFWS request, three of each type of turbine (Clipper, Vestas, and GE 
turbines) were included in the nine cleared plots. The nine turbines were selected from the 36 
cleared plots searched in 2010.  
 

Figure 4. Example diagram of a cleared plot at the Fowler Ridge Wind Farm. 
 

Search Frequency 

Turbines were searched at 6-day intervals during the spring. The search intervals utilized in 
2011 were based on the results of the 2010 casualty study. The mean carcass removal times in 
2010 at roads and pads and cleared plots were 11.83 and 10.34 days, respectively (Good et al. 
2011). 
 
Turbines were searched at three intervals during the fall. One-hundred-sixty-eight turbine pads 
and roads were searched daily from July 15 – October 15, 2011 as part of the blade feathering 
experiment. The nine circular plots were used as “control turbines” and were searched every 
other day from July 15 – October 15, 2011. Per USFWS request, two additional searches (one 
per week) were conducted at the 177 sample turbines between October 15 – October 29, 2011. 
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Data from the weekly searches were used to determine if late migration fatality events occurred 
at the FRWF. 

Facilities Management Study 

The effectiveness of feathering turbine blades below multiple cut-in speeds for reducing bat 
casualty rates was evaluated during the fall of 2011. Facility management studies were limited 
to the fall because relatively few bat fatalities were expected to occur during the spring of 2011 
(see Johnson et al. 2010a), potentially reducing WEST’s ability to detect significant differences 
in casualty rates between treatments.  
 
Bat casualty rates were measured at three different speed adjustments, or “treatments”, and two 
sets of “control” turbines with no cut-in speed adjustment. Nine turbines were randomly selected 
from the sample of 36 cleared plots searched in 2010, and were considered a “control” sample, 
operating normally for the duration of the study. The nine control turbines were comprised of 
three GE SLE 1.5-MW turbines, three Clipper C96 2.5-MW turbines, and three Vestas V82 1.65-
MW turbines. Treatments for blade feathering and a second set of “control” turbines were 
rotated on a nightly basis between the remaining 168 turbines, with 42 turbines assigned to 
each group. The treatments included turbines with blades feathered below 5.5 meters per 
second (m/s) (12.3 mph), below 4.5 m/s (10.1 mph), below 3.5 m/s (7.8 mph), and a control 
group with no feathering (Table 3). Turbines were assigned to control and treatment groups 
among the 168 turbines on a nightly basis using a balanced block design to ensure that equal 
numbers of each turbine type were assigned to each treatment. 
 

Table 3. The 2011 fall study design treatments at the Fowler Ridge Wind Farm. 
Treatment Number of Turbines Search Type 
5.5 cut-in and feathering 42 Road and Pad 
4.5 cut-in and feathering 42 Road and Pad 
3.5 cut-in and feathering 42 Road and Pad 
Control (3.5) and no feathering 42 Road and Pad 
Control (3.5) and no feathering 9 Cleared Plot 
Total 177  

 

Field Methods 

Casualty Searches 

Personnel trained in proper search techniques conducted the carcass searches. Searches 
occurred along transects within each search plot. Searchers walked at a rate of approximately 
45 to 60 m per minute (about 148 to 197 ft per minute) along each transect looking for bat 
carcasses. Transects were spaced at approximately 5-m (16-ft) intervals, and searchers 
scanned the area on both sides out to approximately 2.5 m (about eight ft) for casualties as they 
walked each transect. All bat carcasses were recorded and collected. Bird carcasses were 
recorded, but left in the field. Searches began after 0700 hours (H) each morning, and were 
completed by sunset, with most searches completed by early afternoon.  
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The condition of each carcass found was recorded using the following categories: 
 

 Intact - a carcass that was completely intact, was not badly decomposed, and showed 
no sign of being fed upon by a predator or scavenger. 

 
 Scavenged - an entire carcass, which showed signs of being fed upon by a predator or 

scavenger, or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, 
portion of a carcass, etc.), or a carcass that was heavily infested by insects. 

 
 Feather Spot (for bird carcasses only) – 10 or more body feathers and/or at least two 

primary feathers, which indicated predation or scavenging. 
 
Fresh bat carcasses found were collected, identified, and utilized during searcher efficiency and 
carcass removal trials (except for Myotis species; see below for more details). Older or 
scavenged bat carcasses were identified to the extent possible, labeled with a unique number, 
and then bagged and frozen for future reference and possible necropsy. A copy of the data 
sheet for each carcass was maintained, bagged, and kept with the carcass at all times. For all 
casualties found, data recorded included: species, sex and age when possible, turbine 
identification number, date and time collected, Global Positioning System (GPS) location, 
condition (intact, scavenged, feather spot), location within plot (road and turbine pad versus 
other areas), vegetation cover, and any comments that may indicate cause of death. All bird and 
bat carcasses located were photographed as found and plotted on a detailed map of the study 
area, showing the location of the wind turbines and associated facilities. Estimated time since 
death for bats was also recorded. Criteria used to determine time since death was based on 
daily observations of bat carcasses placed in plots during bias trials (Appendix A). 
 
Casualties found outside the formal search area by searchers, or carcasses reported to 
searchers by FRWF maintenance personnel, were treated following the above protocol as 
closely as possible. Casualties found in non-search areas (e.g., near a turbine not included in 
the search area) were coded as incidental discoveries, collected, and documented in a similar 
fashion as those found during standard searches. In addition to carcasses, all injured bats and 
birds observed in search plots were recorded and treated as a casualty for the purposes of the 
analyses.  
 
All Myotis carcasses were identified to species by biologists trained in the identification of Myotis 
species, including Indiana bat, and were delivered to the USFWS office in Bloomington, Indiana. 
Skin samples were sent to Dr.Jan Zink at Portland State University for identification via 
deoxyribonucleic acid (DNA) analysis, in order to verify field identifications of Myotis species 
that could not be conclusively identified. 

Field Bias Trials 

Searcher efficiency and removal of carcasses by scavengers was quantified to adjust the 
estimate of total bat fatalities for detection bias. Bias trials were conducted throughout the entire 
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study period. A list of random turbine numbers and random azimuths and distances (m) from 
turbines was generated for placement of each bat used in bias trials. 
 
During the fall, only freshly killed bats conclusively identified as non-Myotis species were used 
for searcher efficiency and carcass removal trials. At the end of each day’s search, the field 
crew leader gathered all bat carcasses located during that day’s surveys and then separated 
intact and fresh carcasses from scavenged carcasses. Intact carcasses were redistributed 
regularly to predetermined random points within any given turbine’s searchable area. Searchers 
had no knowledge of the number and placement of carcasses at turbines. Data recorded for 
each trial carcass prior to placement included date of placement, species, turbine number, and 
the distance and direction from the turbine. Carcasses were identified as bias trial carcasses 
through the placement of small, indistinct black zip ties on the bats’ wings. During spring, a mix 
of freshly killed non-Myotis bats and previously frozen bats obtained from Indiana State 
University were used in field bias trials in order to increase bias trial sample sizes.  Twenty-five 
additional brown mouse carcasses, ranging in weight from seven to nine ounces (oz.; 198 to 
255 grams), were used during spring migration carcass removal trials only. 
 
Each trial bat was left in place and checked daily by the field crew leader or an observer not 
involved with the casualty searches; thus, trial bats were available and could be found by 
observers on consecutive searches unless the carcasses were previously removed by a 
scavenger. The date that each bat was found by an observer was recorded to determine the 
amount of time the carcass remained in the scavenger removal trial. If, however, a carcass was 
removed by a scavenger before detection by an observer, it was removed from the searcher 
efficiency trial and used only in the removal data set. When a bat carcass was found, the 
observer inspected the wing to determine if a bias trial carcass had been found. If so, the 
observer contacted the field crew leader and the bat was left in place for the carcass removal 
trial. Carcasses were left in place until removed by a scavenger, until they became decomposed 
to a point beyond recognition, or for a maximum of 24 days, at which time the number of days 
after placement was recorded. 

Statistical Analysis 

Casualty Estimates 

Two methods were utilized to calculate overall bat casualty estimates: 1) Shoenfeld estimate of 
carcass availability (see Shoenfeld 2004), and 2) empirical measure of carcass availability. The 
Shoenfeld estimate is typically used when search intervals are fairly wide, and the probability of 
a carcass being found by a searcher needs to be estimated. The Shoenfeld estimate was 
calculated to provide a comparable overall bat casualty estimate to the 2009 study results 
(Johnson et al. 2010b) and was based on carcass persistence and searcher efficiency results. 
For 2011 surveys, a second bat casualty rate was calculated utilizing an estimate of the 
probability of detection that does not separate out the influence of scavenging versus searcher 
detection. This empirical estimate was based on the overall ratio of the number of trial 
carcasses found by searchers to the number placed. Only bats found at cleared plots in 2011 
were used to estimate total bat casualty estimates using both methods. 
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Estimates of the number of facility-related fatalities were based on: 
 

1) Observed number of carcasses found during standardized searches during the 
monitoring period; 

 
2) Non-removal rates expressed as the estimated average probability a carcass was 

expected to remain in the study area and be available for detection by the observers 
during removal trials; 

 
3) Searcher efficiency expressed as the proportion of trial carcasses found by observers 

during searcher efficiency trials; 
 

4) Adjustment factor for bats landing outside of the search area. 

Definition of Variables 

The following variables were used in the equations below: 
 

ci the number of carcasses detected at plot i for the entire study period 

n the number of search plots 

k the number of turbines searched 

c  the average number of carcasses observed per turbine per monitoring period 

s the number of carcasses used in removal trials 

sc the number of carcasses in removal trials that remained in the study area after 24 
days 

se standard error (square of the sample variance of the mean) 

ti the time (in days) a carcass remained in the study area before it was removed, 
as determined by the removal trials 

t  the average time (in days) a carcass remained in the study area before it was 
removed, as determined by the removal trials 

d the total number of carcasses placed in searcher efficiency trials 

p the estimated proportion of detectable carcasses found by observers, as 
determined by the searcher efficiency trials 

I the average interval between standardized carcass searches, in days 

A proportion of the search area of a turbine actually searched 

s the Shoenfeld estimate for the probability that a carcass was both available to be 
found during a search and was found, as determined by the removal trials and 
the searcher efficiency trials 

̂



Fowler Ridge 2011 Study Results 

 

WEST, Inc. 12 January 31, 2012 

E the empirical estimate for the probability that a carcass was both available to be 
found during a search and was found, as determined by the ratio of trial 
carcasses found over a 24-day period to the number of carcasses placed 

m the estimated average number of fatalities per turbine per monitoring period, 
adjusted for removal and searcher efficiency bias 

Observed Number of Carcasses 

The estimated average number of carcasses (c ) observed per turbine per monitoring period 
was:  
 

  (1) 

Estimation of Carcass Non-Removal Rates 

Estimates of carcass non-removal rates were used to adjust carcass counts for removal bias. 
Mean carcass removal time ( t ) was the average length of time a carcass remained in the study 
area before it was removed: 
 

  (2) 

Estimation of Searcher Efficiency Rates 

Searcher efficiency rates were expressed as p, the proportion of trial carcasses that were 
detected by observers in the searcher efficiency trials.  

Estimation of Facility-Related Casualty Rates 

The estimated per turbine casualty rate (m) was calculated by: 
 

  (3) 

where S includes adjustments for both carcass removal (from scavenging and other means) 
and searcher efficiency bias. Data for carcass removal and searcher efficiency bias were pooled 
across the study to estimate S.  
 

S is calculated as follows:  

 

̂

1

n

i
i

c
c

k A





1

s

i
i

c

t
t

s s





^

c
m




̂

̂

̂

 
 

^ exp 1

exp 1

I
t p t
I I p

t


   

   
  

 



Fowler Ridge 2011 Study Results 

 

WEST, Inc. 13 January 31, 2012 

 
This formula has been independently verified by Shoenfeld (2004). Empirical estimates for the 
probability of availability and detected E were caculated by the following equation. 
 

    

    
  

 
The final reported estimates of m and associated standard errors and 90% confidence intervals 
(CI) were calculated using bootstrapping (Manly 1997). Bootstrapping is a computer simulation 
technique that is useful for calculating point estimates, variances, and confidence intervals for 
complicated test statistics.  
 

For each bootstrap sample, c , , p, , and m were calculated and a total of 5,000 bootstrap 
samples were used. The reported estimates are the mathematical means of the 5,000 bootstrap 
estimates. The standard deviation of the bootstrap estimates was the estimated standard error. 
The lower 5th and upper 95th percentiles of the 5,000 bootstrap estimates were estimates of the 
lower limit and upper limit of 90% confidence intervals.  

Effects of Blade Feathering 

Fatality rates at turbines with normal operation parameters versus fatality rates at turbines 
feathered below 3.5 m/s, 4.5 m/s, and 5.5 m/s were compared using a chi-square test of 
proportions. Chi-squared test of proportions were used to determine if significantly fewer 
fatalities were found under feathered turbine operation than under normal turbine operation. In 
addition to a chi-square test of proportions, differences in observed fatality rates by feathering 
condition were examined by building a negative binomial model to determine the relative 
difference in casualty rates. The magnitude of model coefficients represented the relative ratio 
of casualty rates between feathered operation at a given cut-in speed and those with no 
feathering. Tests for variable selection were used to assess the statistical significance of the f 
covariates corresponding to the levels of feathered operation. Since feathering condition was 
rotated nightly among turbines, only carcasses of bats that were estimated to have died the 
night prior to searches were included in the analysis. 

Correlation Analyses 

Weather and operational data from casualty search turbines and a meteorological (met) tower 
were analyzed in relation to fall 2011 mortality rates at the FRWF. Average nightly wind speed, 
rotor speed, ambient temperature, and barometric pressure, along with average nightly bat 
activity from Anabat™ acoustic surveys were included in a generalized linear regression model 
for daily fresh bat fatality rates (Table 4). Daily fatality rates were calculated using bat fatalities 
that were estimated to have died during the night preceding fall road and pad searches for each 
feathering level.  
 

̂

t ̂
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Table 4. Description of variables used in bat mortality and weather modeling 
Response Variable 

Daily Fresh Bat 
Fatality Rates 

The number of fresh fatalities (estimated to have died the preceding night) found 
during road and pad searches under each feathering treatment, divided by the 
number of searches conducted of the same 

Explanatory Variables 
Turbine Brand GE, Vestas, Clipper  

Curtailment Level 3.5 m/s Normal Operation, 3.5 m/s Feathered, 4.5 m/s Feathered, 5.5 m/s 
Feathered 

Wind Speed Average nightly wind speed (m/s) 
Rotor Speed Rotations per minute to the turbine rotor (rpm) 
Temperature Average nightly ambient temperature (degrees Celsius) 
Barometric Pressure Average nightly barometric pressure (atmospheres) 
Acoustic Activity Nightly number of bat passes per operable Anabat detector 
 
Associations between turbine, weather characteristics, acoustic activity and fresh bat casualties 
were investigated using graphical methods generalized linear multiple regression (Neter et al. 
1996). Daily fresh bat fatality counts  were modeled using a negative binomial distribution 
with an offset term for the corresponding number of turbines searched that day that had 
operated under each curtailment level the preceding night . The fitted negative binomial 
models all had log link and were of the form: 

log  , 

 
which related the behavior of the natural logarithm of the fresh bat fatality rate, to a linear 
function of the set of predictor variables . The ’s are the parameters that specify the 
nature of the relationship and  was a random error term. The statistical software R was used 
to perform step-wise variable selection based on Bayesian information criterion (BIC) to 
determine the best fitting negative binomial models. Stepwise variable selection performed a 
forward and backward stepwise approach in which variables entered or left the model based on 
the BIC value. The first step began with the full model containing all parameters. In the next 
step, covariates were added or subtracted from the model one at a time. If the model BIC 
decreased, the change in covariates was retained. If BIC increased, that change was discarded 
and the next covariate was tested. This procedure was repeated until none of the covariate 
changes produced a lower BIC. The final model was based on the results of stepwise variable 
selection and biological inference. 

Quality Assurance/Quality Control 

Quality assurance and quality control (QA/QC) measures were implemented at all stages of the 
study, including in the field, during data entry and analysis, and report writing. Following field 
surveys, observers were responsible for inspecting data forms for completeness, accuracy, and 
legibility. A sample of records from an electronic database was compared to the raw data forms 
and any errors detected were corrected. Irregular codes or data suspected as questionable 
were discussed with the observer and/or project manager. Errors, omissions, or problems 
identified in later stages of analysis were traced back to the raw data forms, and appropriate 
changes in all steps were made. A Microsoft® ACCESS database was developed to store, 

1,..., px x
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organize, and retrieve survey data. Data were entered into the electronic database using a pre-
defined format to facilitate subsequent QA/QC and data analysis. All data forms, field 
notebooks, and electronic data files were retained for reference. 

Bat Acoustic Surveys 

Bat surveys were conducted utilizing passive sampling techniques at turbines and at reference 
locations that were previously sampled in 2007. Sampling occurred at the base of four turbines 
and on nacelles during the spring and fall migration periods (Figure 5) to explore relationships 
between bat pass rates, bat casualty rates, and weather variables (Figure 6). Bat use was also 
monitored from July 28 – October 31 at two reference locations that were sampled in 2007 in 
order to determine if bat pass rates were similar before and after construction of the FRWF 
(Figure 6).  
 
Bats were surveyed using Anabat™ II bat detectors (Titley Scientific™, Australia) coupled with 
Zero Crossing Analysis Interface Modules (ZCAIM; Titley Scientific), as well as Anabat™ SD1 
detectors. Anabat detectors record bat echolocation calls with a broadband microphone. The 
echolocation sounds are translated into frequencies audible to humans by dividing the 
frequencies by a predetermined ratio. A division ratio of 16 was used for the study. Bat 
echolocation detectors also detect other ultrasonic sounds, such as those sounds made by 
insects, raindrops hitting vegetation, and other sources. A sensitivity level of six was used to 
reduce interference from these other sources of ultrasonic noise (see Brooks and Ford 2005). 
Calls were recorded to a compact flash memory card with large storage capacity. The detection 
range of Anabat detectors depends on a number of factors (e.g., echolocation call 
characteristics, microphone sensitivity, habitat, the orientation of the bat, atmospheric 
conditions; Limpens and McCracken 2004), but is generally less than 30 m (98 ft) due to 
atmospheric absorption (attenuation) of echolocation pulses (Fenton 1991). To ensure similar 
detection ranges among detectors, microphone sensitivities were calibrated using a BatChirp 
(Tony Messina, Las Vegas, Nevada) ultrasonic emitter as described in Larson and Hayes 
(2000). All units were programmed to turn on each night approximately 30 minutes (min) before 
sunset and to turn off approximately 30 min after sunrise. 
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Figure 5. Study area map and spring fixed Anabat sampling stations at the Fowler Ridge Wind Farm. 
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Figure 6. Study area map and fall fixed Anabat sampling stations at the Fowler Ridge Wind Farm.  
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To minimize the potential for water damage due to rain, Anabat detectors were placed inside 
plastic weather-tight containers that had a hole cut in the side through which the microphone 
extended. The microphones were encased in poly-vinyl chloride (PVC) tubing that curved 
skyward at 45 degrees outside the container, and holes were drilled in the PVC tubing. 
Detectors protected in this manner have been found to detect similar numbers and quality of bat 
calls as detectors exposed to the environment, and to record twice as many species as 
detectors protected with Bat-Hat (EME Systems, California) weatherproof housing (Britzke et al. 
2010). Containers placed at the base of turbines were raised approximately 0.5 m (1.7 ft) off the 
ground to minimize echo interference and lift the unit above vegetation (Figure 7). Containers 
were also placed on nacelles, approximately 80 m above the ground (Figure 8). Anabat units on 
nacelles were connected to a GETMYLOG.com global data repository system (GML) and data 
were downloaded remotely. 
 

Figure 7. Anabat unit placed at the base of a turbine at the Fowler Ridge Wind Farm. 
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Figure 8. Anabat unit mounted on the nacelle of a wind turbine at the Fowler Ridge Wind Farm. 
 

Statistical Analysis 

Bat Acoustic Surveys 

Bat activity was measured by counting the number of bat passes (Hayes 1997), which was 
defined as a continuous series of two or more call notes (pulses) produced by an individual bat 
with no pauses between call notes of more than one second (White and Gehrt 2001, Gannon et 
al. 2003). The number of bat passes was determined by downloading the data files to a 
computer and tallying the number of echolocation passes recorded. Total number of passes 
was corrected for effort by dividing by the number of detector-nights. One detector collecting 
data for one night was a detector-night. 
 
For each station, bat calls were sorted into three groups, based on their minimum frequency, 
that correspond roughly to species groups of interest. For example, most species of Myotis bats 
and the tri-colored bat (Perimyotis subflavus) echolocate at frequencies above 40 kilohertz 
(kHz), whereas species such as the eastern red bat (Lasiurus borealis) typically have 
echolocation calls that fall between 30 kHz and 40 kHz. Species such as big brown (Eptesicus 
fuscus), silver-haired (Lasionycteris noctivagans), and hoary bat (Lasiurus cinereus) have 
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echolocation frequencies that fall at or below 25 kHz. Therefore, calls were classified as being 
given by high-frequency (HF; more than 40 kHz), mid-frequency (MF; 30 kHz - 40 kHz), or low-
frequency (LF; less than 30 kHz) species. Although eastern red bat calls typically occur in the 
MF category, eastern red bat calls are variable, and may also occur within the HF category. To 
establish which species may have produced passes in each category, a list of species expected 
to occur in the study area was compiled from range maps (Table 5; Whitaker 2009). Data 
determined to be noise (produced by a source other than a bat) or call notes that did not meet 
the pre-specified criteria to be termed a pass were removed from the analysis. 
 
Table 5. Bat species with ranges that overlap with the Fowler Ridge Wind Farm, sorted by call 

frequency (Whitaker et al. 2007, Whitaker 2010). 
Common Name Scientific Name 
High-Frequency (> 40 kHz)  

little brown bat3 Myotis lucifugus 
northern long-eared bat3 Myotis septentrionalis 
Indiana bat*, 3 Myotis sodalis 
tri-colored bat (formerly eastern pipistrelle) 2,3 Perimyotis subflavus (Pipistrellus subflavus) 

Mid-Frequency (30-40 kHz)  
eastern red bat1,3 Lasiurus borealis 
evening bat2,3 Nycticeius humeralis 

Low-Frequency (< 30 kHz)  
big brown bat3 Eptesicus fuscus 
silver-haired bat1,3 Lasionycteris noctivagans 
hoary bat1,3 Lasiurus cinereus 

1 = long-distance migrant 
2 = species distribution on edge or just outside project area 
3 = known casualty from wind turbines, species reported as fatalities by Kunz et al. 2007, USFWS 2010, and this 

study 
*= Federally listed endangered species (USFWS 2011) 

 
All calls of sufficient quality were identified to species by a biologist with acoustic identification  
experience (K. Murray) based on comparison of qualitative call characteristics to a known call 
library (O’Farrell et al. 1999, Murray et al. 2001, Yates and Muzika 2006). All high-frequency 
(above 40 kHz) bat calls were also examined to determine if they were potentially made by 
Indiana bats. In order to identify calls potentially made by Indiana bat, call characteristics were 
entered into a Discriminant Function (DF) model designed to statistically classify unknown 
echolocation calls based on comparison to a set of known echolocation calls. DF models have 
been used by other researchers to classify bat calls to species, including the Indiana bat 
(Britzke et al. 2002, Robbins et al. 2008, Wolff et al. 2009).  
 
The DF model has been developed based on a library of 599 known bat call files from 11 
species that occur in the Midwest, including 89 known Indiana bat call files (Murray et al. 2001). 
The correct classification rate for Indiana bats based on this initial model is approximately 90%. 
A detailed description of the model assumptions, parameters, and classification rates can be 
found in Appendix B.  
 
While the DF model is a useful tool, the potential exists for “false positive” and “false negative” 
results to occur. In order to increase confidence in call identifications, any calls potentially 
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identified as made by Indiana bat by the DF model were: 1) analyzed utilizing the “Britzke” filter; 
and 2) identified to species or species group (e.g. Myotis) based on comparison of qualitative 
call characteristics to a known call library (O’Farrell et al. 1999, Murray et al. 2001, Yates and 
Muzika 2006). Call characteristics such as minimum frequency, slope, and structure were used 
to identify calls. Calls were considered to be made by Indiana bats if they were positively 
identified by all of the three methods. 

RESULTS 

The following sections contain the results of studies conducted under SRRP TE15075A-2. Per 
the requirements of this permit, information regarding the date, time, and locations of bats 
encountered (Appendices C and D), locations where no bats were encountered (Appendix E), 
and detailed information in nightly operating parameters of each turbine searched and which 
specimens were salvaged at each turbine (Appendix E). Other information required under 
permit TE15075A-2 can be found below.  

Bat Fatalities 

Overall, 17,900 surveys were conducted across 177 turbines from April 1, to May 15, 2011 and 
from July 15, to October 29, 2011. Roads and pads of 177 turbines were searched at 6-day 
intervals during the spring for a total of 1,416 surveys. During the fall study period, 168 turbines 
were searched on roads and pads daily for a total of 16,040 surveys. Additional searches at 
nine turbines with 80 m radius circular plots cleared of crops were conducted every other day for 
a total of 444 surveys.  
 
A total of 573 bat carcasses were found, of which 425 bats were found during regularly 
scheduled searches, with an additional seven bats found incidentally at turbine search plots. Of 
the remaining 141 bat carcasses, 18 that were found during a clearing search or had an 
estimated time of death placing them as should have been found during the clearing search, 
one bat was estimated to have been killed after October 15, 86 were found by FRWF wind 
technicians at turbines that were not searched by WEST, and 36 were found on cropland during 
scheduled road and pad searches (Table 6).  
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Table 6. Total number of bat casualties and the composition of casualties discovered at the Fowler 
Ridge Wind Farm from April 1 to May 15 and July 15 to October 15, 2011. 

Species Scientific Name 

Scheduled 
Search 

Fatalities

Incidental 
Fatalities During 

the Study1 

Other 
Incidental 
Fatalities2 

Total 
Fatalities

% 
Comp 

eastern red bat Lasiurus borealis 221 5 79 305 53.2 
hoary bat Lasiurus cinereus 114 1 44 159 27.8 
silver-haired bat Lasionycteris noctivagans 67 0 14 81 14.1 
big brown bat Eptesicus fuscus 13 1 2 16 2.8 
evening bat Nicticeius humeralis 3 0 1 4 0.7 
tri-colored bat Perimyotis subflavus 3 0 0 3 0.5 
Seminole bat Lasiurus seminolus 3 0 0 3 0.5 
little brown bat Myotis lucifugus 1 0 1 2 0.4 
Overall 8 species 425 7 141 573 100 
1 Bat carcasses found that were estimated to have been killed during the course of the study, and were found within 

search plot boundaries, but were not found during scheduled carcass searches 
2 Bat carcasses found that were estimated to have been killed prior to the start of the study, or carcasses that were 

found outside of plot boundaries. 
 

Species Composition 

Similar to 2010, the most commonly found bat species was eastern red bat (305 fatalities, 
53.2% of fatalities), followed by hoary bat (159 fatalities, 27.8%), silver haired bat (81 fatalities, 
14.1%), and big brown bat (16 fatalities, 28%). Two new species were found in 2011, including 
four evening bats (Nicticeius humeralis) and three Seminole bats (Lasiurus seminolus). No 
Indiana bat carcasses were found in 2011, and similar to 2010, Myotis casualties were rare in 
2011. Two Myotis carcasses were found, both little brown bats (Myotis lucifugus). The number 
of males and females found were similar for most species, with the exception of silver-haired bat 
(Table 7).  
 

Table 7. Gender composition by bat species found during carcass searches at the Fowler 
Ridge Wind Farm from April 1 to May 15 and July 15 to October 15, 2011. 

Species Scientific Name Gender 
Number of 
Individuals % Total % Comp.

big brown bat Eptesicus fuscus Female 5 0.9 31.3 
Male 7 1.2 43.8 
Unknown 4 0.7 25.0 

Total 16 2.8 100 
eastern red bat Lasiurus borealis Female 117 20.4 38.4 

Male 107 18.7 35.1 
Unknown 81 14.1 26.6 

Total 305 53.2 100 
evening bat Nicticeius humeralis Female 1 0.2 25.0 

Male 0 0.0 0.0 
Unknown 3 0.5 75.0 

Total 4 0.7 100 
hoary bat Lasiurus cinereus Female 58 10.1 36.5 

Male 47 8.2 29.6 
Unknown 54 9.4 34.0 

Total 159 27.7 100 
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Table 7. Gender composition by bat species found during carcass searches at the Fowler 
Ridge Wind Farm from April 1 to May 15 and July 15 to October 15, 2011. 

Species Scientific Name Gender 
Number of 
Individuals % Total % Comp.

little brown bat Myotis lucifugus Female 1 0.2 50.0 
Male 0 0.0 0.0 
Unknown 1 0.2 50.0 

Total 2 0.3 100 
Seminole bat Lasiurus seminolus Female 3 0.5 100.0 

Male 0 0.0 0.0 
Unknown 0 0.0 0.0 

Total 3 0.5 100 
silver-haired bat Lasionycteris noctivagans Female 18 3.1 22.2 

Male 36 6.3 44.4 
Unknown 27 4.7 33.3 

Total 81 14.1 100 
tri-colored bat Perimyotis subflavus Female 0 0.0 0.0 

Male 1 0.2 33.3 
Unknown 2 0.3 66.7 

Total 3 0.5 100 
Overall 573 100 

 
Eastern red bats comprised a slightly lower percentage of the bat fatalities in 2011 compared to 
data from 2010 (53.2% versus 63.7% of the total, respectively), and a higher percentage 
compared to 2009 (35.9%, Johnson et al. 2010a). Hoary bats and silver-haired bats composed 
a higher percentage of the bat fatalities in 2011 (27.8% and 14.1%, respectively), compared to 
2010 (18.1% and 13.7%, respectively). Hoary and silver-haired bats composed a lower 
percentage of the overall fatalities in 2011 compared to 2009 (30.8% and 26.9%, respectively; 
Johnson et al. 2010a).  
 
Relatively few bat carcasses were found in the spring compared to the fall. The USFWS 
requested that surveys be extended later in October in 2011 compared to the 2010 study, to 
determine if any late fall fatality events occurred. Each study turbine was searched twice during 
the late fall. Three carcasses were found during this period, although only a single eastern red 
bat carcass was estimated to have been killed between October 16 – October 29, 2011 (Table 
8). The other two carcasses were older and were estimated to have been killed prior to October 
16. 
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Table 8. Total number of bat casualties and the composition of casualties discovered at the 
Fowler Ridge Wind Farm from April 1 to May 15 and July 15 to October 29, 2011, by 
estimated time of death. 

Species Spring 
Clearing 
Search 

July 15 - October 
15, 2011 

October 16 - 
October 29, 2011a Overall 

eastern red bat 6 11 287 1 305 
hoary bat 4 4 151 0 159 
silver-haired bat 5 1 75 0 81 
big brown bat 0 0 16 0 16 
evening bat 1 1 2 0 4 
tri-colored bat 0 0 3 0 3 
Seminole bat 0 0 3 0 3 
little brown bat 0 1 1 0 2 
Total 16 18 465 1 573 
a: Each study turbine was surveyed twice during this period.

 
A total of 77 birds were also discovered during carcass searches in 2011 (Table 9). No bird 
species listed as threatened or endangered under the State of Indiana (INHDC 2010) or the 
federal Endangered Species Act (ESA 1973, USFWS 2011) were found. Carcasses were not 
collected, preventing identification of some severely scavenged or decomposed carcasses. Four 
carcasses were identified as unidentified large bird. These carcasses were too decomposed to 
identify to species group; however; the carcasses were not eagles based on bone and feather 
measurements. 
 
Table 9. Total number of bird carcasses found at the Fowler Ridge Wind Farm April 1 to May 15 

and July 15 to October 15, 2011. 

Species Scientific Name 
Total Bird 
Carcasses % Composition 

killdeer Charadrius vociferus 21 27.3 
European starling Sturnus vulgaris 7 9.1 
mourning dove Zenaida macroura 6 7.8 
unidentified large bird 4 5.2 
unidentified waterfowl 3 3.9 
Tennessee warbler Vermivora peregrine 3 3.9 
red-tailed hawk Buteo jamaicensis 3 3.9 
chimney swift Chaetura pelagic 2 2.6 
golden-crowned kinglet Regulus satrapa 2 2.6 
horned lark Eremophila alpestris 2 2.6 
cliff swallow Petrochelidon pyrrhonota 2 2.6 
Nashville warbler Vermivora ruficapilla 2 2.6 
unidentified bird (small) 2 2.6 
unidentified warbler 2 2.6 
rock pigeon Columba livia 2 2.6 
common grackle Quiscalus quiscula 1 1.3 
eastern kingbird Tyrannus tyrannus 1 1.3 
Canada warbler Wilsonia Canadensis 1 1.3 
black-throated green warbler Dendroica virens 1 1.3 
indigo bunting Passerina cyanea 1 1.3 
American robin Turdus migratorius 1 1.3 
red-eyed vireo Vireo olivaceus 1 1.3 
yellow-throated vireo Vireo flavifrons 1 1.3 
ring-necked pheasant Phasianus colchicus 1 1.3 
rough-legged hawk Buteo lagopus 1 1.3 
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Table 9. Total number of bird carcasses found at the Fowler Ridge Wind Farm April 1 to May 15 
and July 15 to October 15, 2011. 

ruby-crowned kinglet Regulus calendula 1 1.3 
ruby-throated hummingbird Archilochus colubris 1 1.3 
unidentified sparrow 1 1.3 
pine warbler Dendroica pinus 1 1.3 
Overall 77 100 

 

Estimated Time since Death 

Most bat casualties were estimated to have been killed the previous night (Table 10).  
 

Table 10. Estimated time since death for bat casualties found during scheduled carcass 
searches at the Fowler Ridge Wind Farm from April 1 to May 15 and July 15 to October 
15, 2011. 

Estimated Time Since Deatha Cleared Plots 
Spring Road and 

Pad Only 
Fall Road and Pad 

Only 
Previous night 52.0 64.3 82.6 
2-3 days 26.0 14.3 13.5 
4-7 days 14.7 7.1 2.3 
7-14 days 5.3 0.0 1.0 
>2 weeks 0.7 7.1 0.7 
> month 0.7 0.0 0.0 
unknown 0.7 7.1 0.0 
a: Estimated time since death criteria described in Appendix A. 

 

Timing of Bat Fatalities 

Bat casualties occurred throughout the study period (Figure 9). While the majority of bat 
casualties occurred during the month of August, more bats were found in September in 2011 
compared to 2010 (Good et al. 2011). Most bat casualties found at the FRWF during 2009 were 
recorded between August 1 – September 15 (Johnson et al. 2010b). 
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Distribution of Bat Casualties 

Cleared plots were enlarged from 80 m x 80 m square plots in 2010 to 80m radius circles in 
2011, in order to more fully measure the distribution of bat carcasses within a plot. A total of 
94.1% of bat carcasses were found within 60 m (197 ft) of turbines at cleared plots, with the 
highest percentage of carcasses found between 20 - 40 m (66 -131 ft) from turbines (Table 11, 
Figure 10). Bats were found closer to turbines on road and pad searches (Table 11, Figure 10) 
compared to cleared plots. This was a function of the amount of area searched within varying 
distances of turbines on roads and pads compared to cleared plots; road and pads comprise a 
higher percentage of total area in each distance band closer to turbines, and a lower percentage 
of area farther from turbines. Data from cleared plots more accurately reflected distances at 
which bats fell from turbines. 
 
While more bat carcasses were found in the 20 - 40 m distance bands from turbines, the highest 
densities of bat carcasses were found closer to turbines (Figure 11). The greater number of total 
bat carcasses within the 20 – 40 m distance band was a function of area searched. Greater 
amounts of area were searched within the 20 - 40 m distance bands, compared to 0 - 20 m from 
turbines. 
 

Figure 9. Timing of bat mortality at the Fowler Ridge Wind Farm from April 1 to May 15 and July 
14 to October 15, 2011. 
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Table 11. Distribution of distances of bat casualties from turbines at the Fowler Ridge Wind Farm 
from April 1 to May 15 and July 14 to October 29, 2011. 

Distance from Turbine (m) 
Road & Pad Only % 

Bat Fatalities 
Cleared Plot % Bat 

Fatalities 
Incidental % Bat 

Fatalities 
0 to 10 47.3 13.7 54.7 
10 to 20 22.5 14.4 27.9 
20 to 30 10.5 22.9 10.5 
30 to 40 12.9 20.3 2.3 
40 to 50 3.3 12.4 3.5 
50 to 60 3.0 10.5 1.2 
60 to 70 0.0 3.3 0 
70 to 80 0.6 2.6 0 
> 80 0 0 0 

 
 

Figure 10. Distance from turbine for all bat casualties found at cleared plots and road and pads at 
the Fowler Ridge Wind Farm. 
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Figure 11. Density (fatalities per square meter searched) of bat fatalities at cleared plots by 

distance from turbine at the Fowler Ridge Wind Farm. 
 

Bat Fatalities by Turbine Type 

Bat fatality rates varied by turbine type. More bat fatalities were found at Vestas turbines 
(47.5%), compared to Clipper (34.5%) and GE (18.0%) turbines in normal operating modes that 
were searched daily on roads and pads (Tables 12 and 13). At cleared plots, more bats were 
found at GE turbines (39.1%), compared to Vestas (32.7%) and Clipper (28.2%) turbines (Table 
12). Searches at roads and pads more accurately reflected differences between turbine types 
due to the larger number of turbines searched. 
 

Table 12. Bat fatality rates per search by turbine type at the Fowler Ridge Wind Farm 

Turbine Fatalities Searches 
Fatality Rate (Fatalities 

per Search) 
Percent Composition 

of Fatality Rate 
Bat fatalities found on nine cleared 80 m circular plots 
GE 59 149 0.396 39.1 
Vestas 49 148 0.331 32.7 
Clipper 42 147 0.286 28.2 
Fresh bat fatalities found on one-hundred sixty eight road and pads out to 80m from turbines 
estimated to have occurred under normal operating conditions 
Vestas 73 2043 0.036 47.5 
Clipper 12 463 0.026 34.5 
GE 20 1479 0.014 18.0 
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Table 13. Myotis/Perimyotis carcasses and the 2009 Indiana bat carcass found at the Fowler Ridge 
Wind Farm in 2009, 2010, and 2011. 

Date Species Age Sex Turbine Model Phase Treatment 
Estimated 

Time of Death
9/11/2009 Indiana bat A F 230 Vestas I NA 2 to 3 days 
8/7/2010 little brown bat U U 622 Clipper I NA 4 to 7 days 
7/31/2010 tri-colored bat U U 339 Vestas I NA 2 to 3 days 
8/20/2010 tri-colored bat U U 254 Vestas I NA 2 to 3 days 
8/22/2010 little brown bat A U 14 GE II NA 4 to 7 days 
8/26/2010 tri-colored bat J F 603 Clipper I 5 m/s Cut-in Last Night 
9/18/2010 Indiana bat A F 640 Clipper I 5 m/s Cut-in Last Night 
7/25/2011 little brown bat U U 611 Clipper I NA Unknown 
8/6/2011 little brown bat J F 397 Vestas I 3.5 Feathered Last Night
8/12/2011 tri-colored bat J U 152 Vestas I 3.5 Feathered Last Night 
8/18/2011 tri-colored bat U M 156 Vestas I 3.5 Normal Operation Last Night 
8/19/2011 tri-colored bat J U 369 Vestas I 4.5 Feathered Last Night
 

Searcher Efficiency Trials 

Searcher efficiency trials were conducted throughout the study period at both cleared plots and 
roads and pads. A total of 45 bat carcasses were placed at roads and pads during the spring, of 
which 31 (73.8%) were both available and found during the next search day (Table 14). A total 
of 110 bat carcasses were placed at road and pads during the fall, of which 84 (80.8%) were 
both available and found on the next search day. A total of 56 bats were placed on cleared 
plots, of which 14 (29.2%) were both available and found during the next search day (Table 14). 
Single-day searcher efficiency rates were similar in 2010, when 31.8% of bats on plots were 
found on the next day, while 84.6% of bats on roads and pads were found on the next search 
day (Good et al. 2011). 
 
Table 14. Searcher efficiency trials based on single day search results with 90% bootstrap 

confidence intervals at the Fowler Ridge Wind Farm. 
Spring Roads and Pads Fall Roads and Pads Fall Cleared Plots 

Placed 45 110 56 
Found 31 84 14 
Available 42 104 48 

Rate mean ll ul mean ll ul mean ll ul 
73.8 52.4 95.2 80.8 66.3 95.2 29.2 16.7 43.8 

 

Carcass Removal Trials 

A total of 195 fresh bat carcasses and 39 mice were placed during carcass removal trials 
throughout the study period. Seven bat carcasses were placed within 6 days of the study 
completion and were not included in bias trials due to insufficient time for the carcass to be 
removed based on carcass remove rates observed during 2010 bias trials   (10.34 days in the 
fall of 2010; Good et al. 2011). Of the remaining 188 bat carcasses 135 were removed by 
scavengers before the end of removal trials. Twenty-five of the 39 mice placed were removed 
by scavengers before the end of removal trials. The mean length of stay before removal or 
decomposition was 12.22 days for mice in the spring on roads and pads, 15.10 days for bats in 
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the spring and fall on roads and pads, and 13.02 days for bats on cleared plots in the fall (Table 
15, Figure 12). The mean length of removal during the fall of 2010 was similar to 2011 

  
 

Table 15. Carcass removal estimates without surveys conducted 6 days previous to season 
end with 90% bootstrap confidence intervals. 

Spring Mouse  
Road and Pad 

Spring and Fall Bats Road 
and Pad 

Fall Bats  
Cleared Plots 

Total Days 305.5 1,419 534 
# Scavenged 25 94 41 

Rate 12.22 mean ll ul mean ll ul 
15.10 12.23 18.51 13.02 9.20 18.00 

 
 

Figure 12. Removal rates for bats during carcass removal trials. 
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Empirical Estimate of the Probability of Carcass Availability and Detection 

Given that the mean removal time of bats ranged from 13 - 15 days during the fall, carcass 
searchers had multiple opportunities to find bat carcasses. Single-day searcher efficiency 
estimates underestimated the true probability of searcher bats being available and detected by 
searchers. An empirical estimate of the probability of availability and detected was calculated. 
The empirical estimate was calculated from carcasses allowed to remain where placed for up to 
24 days and the date when searchers found the carcasses was noted. Carcasses placed six 
days prior to survey completion were not included in these estimates due to insufficient time for 
scavenging to occur.  
 
Of the 110 carcasses placed on turbines where only the road and pad were searched, 100 were 
found, resulting in a  probability of 0.91 that carcasses were available and detected (Table 16). 
Probability of available and detected carcasses was lower on roads and pads in the spring 
(0.69) due to a longer search interval (Table 16). The empirical estimate for the probability of 
available and detected carcasses on cleared plots was similar between 2010 (0.58) and 2011 
(0.52; Good et al. 2011). 
 

Table 16. Empirical estimate of the bias correction factor with 90% bootstrap confidence 
intervals. 

Spring Bats Road and Pad Fall Bats Road and Pad Fall Bats Cleared Plot 
Ever Found 20 100 29 
Placed 29 110 56 

Rate mean ll ul mean ll ul mean ll ul 
0.69 0.55 0.83 0.91 0.86 0.95 0.52 0.39 0.64 

 

Adjusted Casualty Estimates 

While searches at cleared plots encompassed an area where almost all bat carcasses were 
expected to fall, searches at roads and pads occurred within only a portion of the area where a 
bat carcass could fall. Thus an adjustment factor was needed in order to calculate valid casualty 
estimates for searches on roads and pads. A double sampling approach (Thompson 2002) was 
used to calculate this adjustment. The locations of casualties found within cleared plots were 
marked as being on or off roads and pads. The double sampling approach utilized the ratio of 
estimated total bat fatalities at cleared plot turbines to the estimated number of bats found on 
roads and pads of cleared plots as an adjustment factor for casualty estimates at road and pad 
only plots. Total fatalities at cleared plots and roads and pads of the same plot were estimated 
based on empirical bias trial conducted at cleared plots. Only bats found during the fall were 
used for this calculation. The 2011 road and pad correction factor (7.54) was similar to the 2010 
road and pad correction factor (6.17), with overlapping confidence intervals (Table 17).  
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Table 17. Road and pad correction factor with 90% bootstrap confidence intervals during 

2010 and 2011 carcass monitoring. 

Monitoring Study 
Plot Size 

2010 2011 
40 x 40m square 80m radius circle 

Count 

Empirical 
Adj. 

Factor 
Adjusted 
Fatalities Count 

Empirical 
Adj. 

Factor 
Adj. 

Fatalities

Number of bats 
within cleared plots 342 0.58 590.4 150 0.52 289.7 
Number of bats on 
road & pad of cleared 
plots 67 0.7 95.7 32 0.83 38.4 

Road & Pad     
Correction Factor 

90% Bootstrap CI 90% Bootstrap CI 
Ratio ll ul Ratio ll Ul 
6.17 3.82 8.79 7.54 5.30 11.14 

 
Based on searcher efficiency and the carcass removal rates at the site, the Shoenfeld estimated 
average probability that a bat casualty would remain in the plot until a scheduled search and 
would be found was about 74% for road and pad searches in the spring, and about 69% for fall 
searches on cleared plots (Appendix A). The estimated number of bat fatalities per turbine 
(based on Shoenfeld’s pi estimates) was 0.61 bats/turbine for spring road and pad searches, 
22.99 bats/turbine for cleared plots in the fall (August 1 – October 15), and 2.18 bats/turbine for 
cleared plots from July 15 - July 31. The overall bat fatality estimate for both seasons combined 
was 25.78 bats/turbine (Table 18). 
 



Fowler Ridge 2011 Study Results 

 

WEST, Inc. 33 January 31, 2012 

Table 18. Bootstrap point estimates (mean) and lower (ll) and upper (ul) of 90% confidence 
intervals for bat casualty rates using the Shoenfeld estimator and an empirical estimate 
for the probability a carcass was available and detected at the Fowler Ridge Wind Farm.

Search Period/Method Brand 

Adjusted Mortality based 
on Shoenfeld Estimate of 

Detection Probability 

Adjusted Mortality based 
on Empirical Bias 
Correction Factor 

mean ll ul mean ll Ul 

Spring Road and Pad Searches 
within 80 m of turbines, 
searched at 6-day intervals  

Clipper 2.30 0.67 4.93 2.49 0.55 5.47 
Vestas 0.68 0.24 1.37 0.74 0.26 1.49 
GE 0.00 -- -- 0.00 -- -- 
Overall 0.61 0.32 1.06 0.66 0.32 1.17 

July 15-July 31, 2011 Control Plots 
(80 m Circular Plot searched 
every other day) 

Clipper 1.94 1.33 3.00 2.57 1.70 3.73 
Vestas 2.42 0.89 4.32 3.22 1.03 5.74 
GE 1.94 1.31 3.01 2.57 1.70 3.73 
Overall 2.18 1.32 3.26 2.90 1.57 4.22 

Aug 1 - Oct 15, 2011 Control Plots 
(80 m Circular Plot searched 
every other day) 

Clipper 18.39 14.66 25.18 24.46 19.17 32.24 
Vestas 21.29 15.02 30.20 28.32 20.14 40.00 
GE 26.69 22.17 35.93 35.40 28.00 44.80 
Overall 22.99 19.21 29.35 30.54 25.40 37.45 

Total 25.78 22.51 32.37 34.10 28.64 41.37 
 
 
 
Empirical estimates for the probability of carcass availability and detected were lower than 
Shoenfeld estimates, resulting in higher adjusted casualty rates. Seasonal adjusted casualty 
estimates based on the empirical probability of available and detected were 0.66 bats/turbine in 
the spring, 2.90 bats/turbine from July 15 – July 31, and 30.54 bats/turbine from August 1 – 
October 31, for an overall combined estimate of 34.10 bats/turbine (Table 19). 
 
Table 19. Adjusted estimates of bat fatality rates at control plots from August 1 – October 15 

during 2010 and 2011 carcass monitoring at the Fowler Ridge Wind Farm. 

Fall Period (August 1 - October 15) 
Number of 

Cleared Plots 

Adjusted Fatality  
Estimates at Cleared Plots 

Shoenfeld Empirical 
Fall 2010 80 x 80m square cleared plot * 18 21.81 29.80 
Fall 2011 80 m radius circular cleared plot 9 22.99 30.54 
Overall (Simple Average) 45 22.40 30.17 
Overall (Weighted Average) 45 22.04 29.94 
* Adjusted for fatalities that may have fell outside of 80 x 80 m square plots (2011 data estimated 23.3% of fatalities 

fell outside of 40 m square plots) 
 
Casualty estimates from 2010 were based on searches within 80 X 80 m cleared plots. The 
corners of each plot were 57 m (187 ft) away from the turbine. The search area covered 6,400 
m2(68,889 ft2) on each plot and was equivalent to searching a circle with a radius of 45 m (484 
ft). Based on the distribution of bat fatalities within the larger 80-m radius cleared plots in 2011, 
23.3% of fatalities in 2010 fell outside of the 40 m square plots. Estimates of fall bat fatality rates 
at control plots were similar in 2010 and 2011 after 2010 estimates were adjusted for bats falling 
outside of plots (Table 19).  
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Bat fatality estimates from road and pad searches and cleared plot searches in 2010 were 
compared to determine if road and pad sampling provided comparable estimates of fatalities to 
searches of cleared plots. Bat fatality estimates from road and pad searches in 2010 were re-
calculated based a road and pad correction factor that accounts for unequal probability of 
detection between croplands and roads and pads, and accounting for the percentage of bats 
that fell farther than 40 m from turbines. Revised bat fatality estimates at 100 control turbines 
searched weekly on only road and pads in 2010 were 31.23 bats / turbine, with a 90% 
confidence interval of 18.77 – 48.94 utilizing the empirical estimator of available and detected.  
Revised bat fatality estimates from cleared plots searched daily at 18 control turbines in 2010 
were 29.80 bats/turbine, with a 90% confidence interval of 23.84 – 36.80 utilizing the empirical 
estimator of available and detected. This provides further evidence that weekly searches of 
roads and pads as sampling units under a double sampling scenario provided comparable 
estimates to daily searches of cleared plots in 2010. 

Effects of Feathering Blades on Bat Casualty Rates 

The wind speed at which blades were feathered was changed on a nightly basis at each turbine 
in the feathering study. We estimated the time of death of each carcass to ensure bat carcasses 
were associated with the appropriate feathering speed. One-hundred-five bat carcasses were 
determined to have occurred at turbines while operating under normal operational cut-in speeds 
of 3.5 m/s (control) throughout the fall casualty searches. This compares to 66, 42, and 25 dead 
bats found at turbines where blades were feathered below 3.5 m/s, 4.5 m/s, and 5.5 m/s, 
respectively. Only one Myotis carcass, a little brown bat, was found during the feathering 
experiment conducted in the fall (Table 20).  
 
Table 20. Species fatality count by turbine operation at the Fowler Ridge Wind Farm. 
Species 3.5 Normal Operation 3.5 Feathered 4.5 Feathered 5.5 Feathered 
big brown bat 7 2 2 1 
eastern red bat 69 35 21 11 
hoary bat 20 20 8 8 
little brown bat 0 1 0 0 
Seminole bat 1 0 0 0 
silver-haired bat 7 7 10 5 
tri-colored bat 1 1 1 0 
Total 105 66 42 25 

 
Chi-square tests of proportions show that decreases in observed bat fatality rates between 
control turbines with no feathering compared to feathered turbines was statistically significant 
(Table 21). Chi-square tests of proportions between successive treatment levels also showed 
significant decreases in fatality counts: (3.5 m/s feathered versus 4.5 m/s feathered; chi-
square=5.1, df=1, p-value=0.02; 4.5m/s feathered versus 5.5 m.s feathered; chi-square=4.2, 
df=2, p-value=0.04)  
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Table 21. Chi-square test of proportions results of curtailment studies at the Fowler Ridge Wind Farm. 

Treatment Condition 

Fatalities Found (w/ estimated time of death of Last Night) Percent Decrease 
in Fatalities from 
Normal Operation

Chi-Squared 
Test Statistic

P-
Value

GE Vestas Clipper Overall 
Found Searches Found Searches Found Searches Found Searches

3.5 m/s normal operation 20 1478 73 2039 12 461 105 3978 -- -- -- 
3.5 m/s feathered 12 1475 47 1947 7 461 66 3883 35.6 7.98 0.005
4.5 m/s feathered 11 1476 24 1901 7 460 42 3837 58.5 24.78 >0.001
5.5 m/s feathered 7 1477 14 1877 4 462 25 3816 75.2 45.92 >0.001
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Negative Binomial Modeling 

Negative binomial modeling of observed casualty rates resulted in significant blade feathering 
covariates. The parameter estimate for feathering below a 3.5 m/s cut-in speed corresponded to 
a 36.3% reduction in casualty rates, with a corresponding 90% confidence interval of 12.4% to 
53.8% (Table 22). Feathering below a 4.5 m/s cut-in speed resulted in a parameter estimate of 
56.7% reduction in the casualty rate, with a 90% confidence interval of 38.5% to 69.8%. A 
parameter estimate corresponding to a 73.3% (60.0% to 82.5%) reduction in fatality rates was 
estimated when the turbines were feathered below a 5.5 m/s cut-in speed. 
 

Table 22. Mean percent decrease of bat fatalities with corresponding 90% confidence 
intervals based on coefficients of negative binomial regression modeling. 

Treatment Condition 
Mean Percent 

Decrease 
90% Confidence Interval 

lower limit upper limit 
3.5 m/s feathered 36.3 12.4 53.8 
4.5 m/s feathered 56.7 38.5 69.8 
5.5 m/s feathered 73.3 60.0 82.5 

 
Feathering blades below cut-in speeds appeared to reduce the amount of time wind turbines 
were operating below cut-in speeds compared to normal operational modes for most turbine 
types (Figure 13).  
 
 
 

Figure 13. Estimated tip speed by wind speed for cut-in speed adjustments at GE, Clipper, and 
Vestas wind turbines during the 2011 carcass monitoring at the Fowler Ridge Wind Farm. 
Estimates were made based on Friedman’s SuperSmoother (Friedman 1984). 
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Bat Acoustic Surveys 

Bat activity was monitored at four turbines on a total of 46 nights during the spring period of 
March 31 through May 15, and again at 4 turbines and two reference locations on a total of 95 
nights during the fall period of July 14 through October 31, 2011. During the fall season, 
sampling began on July 28 for the two reference locations, while monitoring at the base of 
turbines began July 14. Anabat units were operable for 67.2% and 96.2% of the spring sampling 
period for raised and ground units, respectively; and 79.0% and 98.9% of the fall sampling 
period for raised and ground units, respectively.  Anabat units recorded 535 bat passes on 323 
detector-nights during the spring (Table 23), and 11,730 bat passes on 860 detector-nights 
during the fall (Table 24). The average bat activity for ground stations (mean ± standard error) 
was 2.57 ± 0.06 and 0.56 ± 0.02 bat passes per detector-night for ground and raised stations in 
spring (Table 23), and 16.72 ± 1.52 at ground stations and 5.19 ± 0.59 at raised stations during 
fall (Table 24).  
 

Table 23. Results of spring acoustic bat surveys conducted at the Fowler Ridge Wind Farm, March 
31 – May 15, 2011, separated by call frequency (HF = high frequency, MF = mid frequency, 
LF = low frequency).  

Anabat 
Station Location 

# of HF Bat 
Passes 

# of MF Bat 
Passes 

# of LF Bat 
Passes 

Total Bat 
Passes 

Detector- 
Nights 

Bat Passes/
Night 

FR083g ground 17 45 40 102 36 2.22±0.55 
FR083r raised 9 6 15 30 46 0.65±0.21 
FR251g ground 28 53 31 112 39 2.87±0.82 
FR251r raised 5 6 11 22 36 0.61±0.20 
FR457g ground 28 49 43 120 46 2.61±0.68 
FR457r raised 2 2 10 14 36 0.39±0.13 
FR614g ground 24 46 49 119 46 2.59±0.68 
FR614r raised 3 6 7 16 28 0.57±0.27 
Total Ground 97 193 163 453 177 2.57±0.06 
Total Raised 19 20 43 82 146 0.56±0.02 
Total 116 213 206 535 323 1.56±0.32 
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Table 24. Results of fall acoustic bat surveys conducted at the Fowler Ridge Wind Farm, July 14 –
October 31, 2010, separated by call frequency (HF = high frequency, MF = mid frequency, LF 
= low frequency). Stations FR5ref and FR6ref were previously monitored in 2007 and 2010, 
and were located away from turbines. The other stations shown here were located at 
turbines. 

Anabat 
Station Location 

# of HF Bat 
Passes 

# of MF Bat 
Passes 

# of LF Bat 
Passes 

Total Bat 
Passes 

Detector- 
Nights 

Bat Passes/
Night 

T218g ground 425 371 1,125 1,921 102 18.83±2.06 
T218r raised 42 115 405 562 105 5.35±1.04 
T480g ground 723 831 955 2,509 109 23.02±2.59 
T480r raised 25 64 156 245 53 4.62±0.93 
T614g ground 651 824 954 2,429 109 22.28±2.45 
T614r raised 15 94 200 309 59 5.24±0.68 
T630g ground 579 719 798 2,096 102 20.55±2.08 
T630r raised 18 60 94 172 31 5.55±0.96 
FR5ref ground 228 245 480 953 95 10.03±1.53 
FR6ref ground 174 186 174 534 95 5.62±0.58 
Total Ground 2,780 3,176 4,486 10,442 612 16.72±1.52 
Total Raised 100 333 855 1,288 248 5.19±0.59 
Grand Total 2,880 3,509 5,341 11,730 860 12.11±1.02 

Species Composition 

During the spring study season, the overall percent of passes by MF bats and LF bats were 
comparable (39.8% and 38.5% of all bat passes, respectively) and outnumbered bat passes by 
HF bats (21.7%; Table 23). Spatial patterns of use were similar among all three species groups 
for both ground and raised units during the spring study period (Figure 14). 
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Figure 14. Number of bat passes per detector-night by Anabat station at the Fowler Ridge Wind 
Farm for the spring study period March 31 – May 15, 2011. The bootstrapped standard 
errors are represented by the black error bars on the ‘All Bats’ columns. 

 
During the fall study season, the overall percent of passes by LF bats (45.5% of all passes) 
outnumbered passes by MF bats (29.9%), and HF bats (24.6%; Table 24). Among raised 
stations, LF bats composed 66.4% of passes (Table 24). During the fall, LF and MF bats 
comprised a higher proportion, and HF species comprised a lower proportion, of calls recorded 
at raised versus ground locations at turbines (Figure 15). Spatial patterns of use were similar 
among all three species groups for both raised and ground units during the fall study period 
(Figure 16). 
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Figure 15. Number of bat passes per detector-night by Anabat station at the Fowler Ridge Wind 
Farm for the fall study period July 14 – October 31, 2011. The bootstrapped standard 
errors are represented by the black error bars on the ‘All Bats’ columns. Stations FR5ref 
and FR6ref were previously monitored in 2007 and 2010, and were located in grasslands 
away from turbines. 
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Figure 16. Bat activity at paired stations during the fall study period at the Fowler Ridge Wind 
Farm, July 22 – October 31, 2011 on nights when both ground and nacelle units were 
operational. 

 
Species composition of calls was consistent between the spring and fall monitoring seasons, 
with big brown bat and silver-haired bat passes accounting for the highest percent of activity 
(40.2% and 44.3%, respectively; Table 25). The week with the highest LF bat passes (big brown 
bat and silver-haired) occurred from May 7 to May 13 in the spring and September 10 to 
September 16 in the fall (Figures 17 and 18). The week with the greatest MF bat passes 
(evening bat and eastern red bat) occurred from May 7 to May 13 in the spring (Figure 19). The 
week with the highest HF bat passes (tri-colored bat) occurred from August 20 to August 26 in 
the fall (Figure 20). 
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Table 25. Percent composition of high quality bat passes at raised and ground stations at the Fowler Ridge Wind Farm. 

Species 
Spring Fall Total 

Ground Raised Total % Comp. Ground Raised Total % Comp. Ground Raised Total % Comp.
big brown bat / silver haired bat 45 4 49 40.2 1,656 93 1,749 44.3 1,701 97 1,798 44.1 
eastern red bat 32 2 34 27.9 954 69 1,023 25.9 986 71 1,057 25.9 
hoary bat 7 2 9 7.4 513 202 715 18.1 520 204 724 17.8 
unknown 7 1 8 6.6 233 15 248 6.3 240 16 256 6.3 
evening bat / eastern red bat 12 1 13 10.7 95 3 98 2.5 107 4 111 2.7 
tri-colored bat 6 0 6 4.9 71 1 72 1.8 77 1 78 1.9 
little brown bat 2 0 2 1.6 39 0 39 1.0 41 0 41 1.0 
Myotis 0 1 1 0.8 8 0 8 0.2 8 1 9 0.2 
Overall 111 11 122 100 3,569 383 3,952 100 3,680 394 4,074 100 
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Figure 17. Composition of weekly activity for LF and MF bat species groups during spring 
monitoring at the Fowler Ridge Wind Farm. 

 
 

Figure 18. Composition of weekly activity for LF and MF bat species groups during fall 
monitoring at the Fowler Ridge Wind Farm. 
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Figure 19. Composition of weekly activity for MF and HF bat species groups during spring 
monitoring at the Fowler Ridge Wind Farm. 

 
 

Figure 20. Composition of weekly activity for MF and HF bats during fall monitoring at the 
Fowler Ridge Wind Farm. 
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High-frequency calls were further analyzed, to determine if call characteristics resembled 
Indiana bat calls from a call library. Three methods were utilized to identify potential 
Indiana bat calls, including a DF Analysis (DFA), the “Britzke” filter, and a qualitative 
analysis by WEST biologists. No calls were identified by all three methods as resembling 
Indiana bat calls. The DFA identified five calls as potential Indiana bat calls (Table 26). 
Of the five calls, one was also identified as a potential Indiana bat call by the Britzke filter 
(l7300351.19#). Although the call structure and minimum frequency were characteristic 
of M. sodalis (Murray et al. 2001), WEST biologists observed that two or more red bat 
calls were associated with this call sequence and minimum frequency of the call was 35 
kHz. This call was identified as unknown and not confirmed as a  M. sodalis call.   

 
Table 26. Bat calls identified by the Discriminant Function Analysis (DFA) in 2011 as potentially 

made by Indiana bats. MYSO = Indiana bat (Myotis sodalis), MYLU = Little brown bat 
(Myotis lucifugus), and LABO = Eastern red bat (Lasiurus borealis). 

Station Month Date Filename DFA Results
Verified by 

Britzke Filter? WEST Biologists 
T480g Aug 19 l8192137.02# MYLU NA Myotis spp 
T480g Aug 6 l8070047.51# MYSE NA LABO 
T480g Apr 26 l4270018.04# MYSO No Unknown 
T480g Aug 14 l8150037.43# MYSO No LABO 
T614g Aug 22 l8222307.52# MYLU NA MYLU 
T218g Aug 31 l8312154.41# MYLU NA Unknown 
T218g Sep 4 l9042217.12# MYLU NA MYLU 
T218g Aug 18 l8182238.28# MYSE NA LABO 
T218g Aug 21 l8220039.16# MYSE NA LABO 
T218g Aug 15 l8160327.49# MYSO No LABO 
T218g Aug 25 l8252218.06# MYSO No Myotis spp 
T630g Aug 1 l8012337.49# MYSE NA Unknown 
T630g Aug 5 l8060600.44# MYSE NA Unknown 
T630g Jul 29 l7300351.19# MYSO Yes Unknown 
T218g Aug 3 l8040056.01# MYLU NA MYLU 
T630g Jul 25 l7260132.38# MYLU NA Unknown 
 

Spatial Variation  

During the spring studies at the FRWF, bat activity was similar among the four fixed stations 
(Figure 14), ranging between 2.22 and 2.87 bat passes per detector-night among ground 
stations (Table 23). Overall, use was lowest at station FR083g (2.22 bat passes/detector night), 
and higher at stations FR614g (2.59), FR457g (2.61), and FR251g (2.87; Table 23)  
 
During the fall study season, bat activity varied among the 10 ground stations in the FRWF 
(Figure 15), ranging between 5.62 and 23.02 bat passes per detector-night. Bat activity was 
similar among the 10 raised stations (ranging between 4.62 and 5.55 bat passes per detector-
night; Table 24). Reference ground stations previously monitored in 2007 and 2010 (located 
away from turbines in grasslands) recorded lower bat activity rates (5.62 and 10.03 bat passes 
per detector-night) in 2011 compared to detectors located at the base of wind turbines (18.83, 
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20.55, 22.28, 23.02 bat passes per detector-night; Figure 15, Table 24). Raised detectors 
recorded lower activity rates than ground base detectors (Figure 16). 

Temporal Variation 

During the spring study season, bat activity increased from early-April through mid-May (Figure 
21). The highest number of bat passes per detector-night (of all frequencies) within a single 
week were recorded May 6 through May 12 (5.02 bat passes per detector-night); the highest 
number of bat passes per detector-night of HF bats (0.78), MF bats (2.61), and LF bats (1.63) 
were also recorded May 6 through May 12 (Table 27).  
 

Figure 21. Bat activity, by week, during the spring migration period at the Fowler Ridge Wind 
Farm. 

 
 
 
Table 27. Highest weekly activity rates (bat passes per detector-night), sorted by call frequency 

(HF=high frequency, MF=mid frequency, LF=low frequency), for the spring study period. 
Frequency Group Week(s) of Highest Passage Rate Bat activity Rate 
All Bats 05/06/11 to 05/12/11 5.02 
HF Bats 05/06/11 to 05/12/11 0.78 
MF Bats 05/06/11 to 05/12/11 2.61 
LF Bats 05/06/11 to 05/12/11 1.63 

 
During the fall study season, bat activity was highest from mid-July through late-August, and 
then decreased through late-October, with the exception of mid-September, where activity rose 
slightly (Figure 22). The highest number of bat passes per detector-night (all frequencies) was 
recorded August 17 through August 23 (34.21 bat passes per detector night), while the highest 
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number of HF and MF bat passes per detector-night were recorded during the week of August 
17 through August 23 (9.25 and 12.93 bat passes per detector-night, respectively), and the 
highest number of LF bat passes per detector-night were recorded during the week of August 
18 through August 24 (13.04 bat passes per detector-night; Table 28).  
 

Figure 22. Bat activity, by week, during the fall migration period at the Fowler Ridge Wind Farm. 
Monitoring of bat activity began at two stations on July 28 that were previously monitored 
in 2007 and 2010, while monitoring at the base of turbines began July 14. 

 
 
Table 28. Highest weekly activity rates (bat passes per detector-night), sorted by call frequency 

(HF=high frequency, MF=mid frequency, LF=low frequency), for the fall study period. 
Frequency Group Week(s) of Highest Passage Rate Bat activity Rate 
All Bats 08/17/11 to 08/23/11 34.21 
HF Bats 08/17/11 to 08/23/11 9.25 
MF Bats 08/17/11 to 08/23/11 12.93 
LF Bats 08/18/11 to 08/24/11 13.04 

 
Activity at raised stations peaked in mid-July and early September, while ground station activity 
peaked in mid to late August, and again in mid September (Figure 23).  
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Figure 23. Number of bat passes per detector-night by ground and raised Anabat stations at the 
Fowler Ridge Wind Farm for the fall study period July 14 – October 31, 2011 when raised 
and ground units were operational on the same night.  

 
Bat activity rates as a function of hour past sunset are shown in Figure 24. In general, bat 
activity was recorded throughout the night, except for within one hour of sunset, with the highest 
rates occurring from one to six hours past sunset for all frequency groups. Activity generally 
decreased in the latter part of the night, except for LF bats, where another spike of activity 
appeared around 11 hours past sunset (Figure 24).  
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Figure 24. Bat activity rates as a function of hour past sunset at the Fowler Ridge Wind Farm.  
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Correlation Analyses 

The objective of bat mortality and weather modeling was to determine the relationship between 
measurable daily weather conditions, acoustic bat activity, and turbine operations with bat 
mortality. Studies conducted at the FRWF during 2010 showed positive correlations between 
acoustic bat activity, ambient temperature, and barometric pressure with bat mortality (Good et 
al. 2011). Positive correlations implied that increases in these variables were associated with 
increases in bat mortality. Studies from the FRWF in the fall of 2010 also showed that nights 
with higher average wind speeds had less activity and fewer fatalities (Good et al. 2011).  
 
Daily fatality rates at roads and pads of 168 turbines studied at FRWF during the fall of 2011 
showed similar relationships. Stepwise variable selection procedures retained the covariates for 
turbine brand, curtailment level, wind speed, barometric pressure, and acoustic activity as 
important variables in explaining fatalities. Temperature has also been shown to be associated 
with changes in bat activity (Good et al. 2011). Stepwise variable selection procedures may 
have excluded temperature due to collinear associations. The model selected is of the form: 
 

Model A: log    
1470 0.58 Clipper 0.96 Vestas 0.86 Feathered . 2.4 Feathered .

5.5 Feathered . 0.06 Acoustic Activity 0.11 windspeed
1.25 windspeed 1.5 barometric pressure 0.08 Feathered .
windspeed 0.32 Feathered . windspeed 0.71 Feathered .
windspeed 

 
This model indicates that fatalities and wind speed have a quadratic relation. Fatalities were 
lower when wind speeds were below the turbine feathering speed of 3.5 m/s, 4.5 m/s, or 5.5 
m/s, depending on the feathering treatment. Fatality rates increased with wind speed until wind 
speeds rose to around 5.5 – 6.0 m/s (18.0 – 19.7 ft/s), after which bat activity decreased with 
higher wind speeds as seen in previous studies (Good et al. 2011; Figure 25). Bat activity on 
nacelles clearly declined with increasing wind speeds (Table 29). Most bat activity and bat 
fatalities occurred when mean nightly temperatures were above 15 degrees C (Table 30). 
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Figure 25. Predicted fatalities per 100 searches by mean nightly wind speed. 
Predictions from generalized linear regression Model A. 
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Table 29. Bat fatality counts at control plots and bat activity at varying wind speeds at the Fowler Ridge Wind Farm in 2011. 

Fatality Counts Ground Acoustic Activity Raised Acoustic Activity 

Wind Speed (m/s) Count % Comp 
Cumulative % 

Comp Mean % Comp 
Cumulative 

% Comp Mean % Comp 
Cumulative 

% Comp 
2-2.5 1 1.0 1.0 26.8 7.2 7.2 12.3 16.1 16.1 

2.5-3.0 10 9.5 10.5 66.0 17.8 25.0 11.9 15.7 31.7 
3-3.5 16 15.2 25.7 30.1 8.1 33.2 7.6 10.0 41.7 

3.5-4.0 9 8.6 34.3 34.2 9.2 42.4 4.8 6.3 48.0 
4.0-4.5 20 19.0 53.3 32.2 8.7 51.1 8.3 10.8 58.9 
4.5-5.0 11 10.5 63.8 24.0 6.5 57.6 3.9 5.2 64.1 
5-5.5 8 7.6 71.4 14.2 3.8 61.4 3.4 4.5 68.6 

5.5-6.0 6 5.7 77.1 25.3 6.8 68.2 3.3 4.4 73.0 
6.0-6.5 1 1.0 78.1 11.4 3.1 71.3 4.7 6.1 79.1 
6.5-7.0 8 7.6 85.7 16.7 4.5 75.8 3.1 4.0 83.1 
7.0-7.5 8 7.6 93.3 22.3 6.0 81.8 4.1 5.4 88.6 
7.5-8.0 1 1.0 94.3 19.8 5.3 87.1 3.5 4.6 93.1 
8.0-8.5 4 3.8 98.1 12.9 3.5 90.6 1.7 2.2 95.3 
8.5-9.0 2 1.9 100 29.4 7.9 98.5 2.6 3.4 98.7 
9.0-9.5 0 0.0 100 4.0 1.1 99.6 0.5 0.7 99.3 

 
Table 30. Bat fatality counts at control plots and bat activity at varying temperatures at the Fowler Ridge Wind Farm in 2011. 

Fatality Counts Ground Acoustic Activity Raised Acoustic Activity Myotis Activity 

Temp(C) Count % Comp 

Cumulati
ve % 
Comp Mean % Comp 

Cumulati
ve % 
Comp Mean % Comp 

Cumulati
ve % 
Comp Mean % Comp 

Cumulati
ve % 
Comp 

30-35 3.0 2.9 2.9 28.6 22.1 22.1 21.3 52.4 52.4 0.00 0.0 0.0 
25-30 42.0 40.0 42.9 38.4 29.7 51.9 7.4 18.1 70.5 0.02 64.1 64.1 
20-25 43.0 41.0 83.8 27.7 21.4 73.3 5.3 13.0 83.5 0.01 35.9 100.0 
15-20 12.0 11.4 95.2 14.5 11.2 84.5 3.5 8.7 92.2 0.00 0.0 100.0 
10-15 5.0 4.8 100.0 7.9 6.1 90.6 1.2 2.9 95.1 0.00 0.0 100.0 
5-10 0.0 0.0 100.0 12.2 9.4 100.0 2.0 4.9 100.0 0.00 0.0 100.0 
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Mean nightly bat acoustic activity was positively correlated with nightly bat fatality rates. Nights 
with higher acoustic activity, measured as the number of bat passes per Anabat detector, had 
higher fatality counts the following day. Predicted fatalities increased by 6.4% for every 
additional bat pass per detector (Model A; Figure 26). Barometric pressure exhibited a negative 
correlation with bat mortality. Negative binomial modeling indicated a 22.0% decrease in 
predicted fatalities for each unit increase in atmospheric pressure (Figure 26). Studies 
conducted in the fall of 2010 at the FRWF showed a slightly positive correlative between bat 
activity and barometric pressure (Good et al. 2011). This change in relationship may be due to 
smaller observed variation in average nightly barometric pressure in the fall of 2011 and also 
the autocorrelation of weather and activity covariates. 
 

Figure 26. Predicted fatalities per 100 searches by mean nightly acoustic bat activity and 
barometric pressure. Predictions from generalized linear regression Model A. 

DISCUSSION 

Blade Feathering Study 

The primary objective of the 2011 research was to measure the effectiveness of feathering 
turbines prior to reaching cut-in speeds for reducing bat fatality rates. The 2010 research study 
at the FRWF closely followed methods utilized by Arnett et al. (2010) at the Casselman facility in 
Pennsylvania, including testing of the same two cut-in speed adjustments (5.0 meters/second 
[m/s; 16.4 ft/s] and 6.5 m/s [21.3 ft/s]). At the time the study was conducted, it was unclear if 
raising cut-in speeds at the FRWF would also reduce bat fatality rates due to differences in wind 
regimes, land cover, and turbine types between the Casselman wind energy facility and the 
FRWF. The primary reason for testing the same cut-in speeds was to generate comparable 
study results, and to determine if raising cut-in speeds would also be effective for reducing bat 
fatalities at the FRWF. The results of the 2010 study at the FRWF confirmed that raising cut-in 
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speeds to 5.0 m/s and 6.5 m/s was effective for reducing bat fatality rates, and at rates that 
were similar to other studies (Baerwald et al. 2009, Arnett et al. 2010, Good et al. 2011).  
 
Further examination of turbine behavior during the 2010 study suggested that while the changes 
in turbine behavior utilized in 2010 reduced bat fatalities, turbines with raised cut-in speeds had 
blade tips rotating at 50 miles per hour (mph; 80 kilometers [km] per hour [kph]), or faster prior 
to reaching cut-in speeds, albeit at a reduced rate compared to control turbines (Figure 27). 
Management of turbine behavior below cut-in speeds varied by turbine type during the 2010 
study. When implementing the raised cut-in speeds, the Clipper turbines (Figure 28) were 
spinning less, and Vestas (Figure 29) and GE turbines (Figure 30) were spinning at greater 
speeds prior to reaching raised cut-in speeds. Under normal control operations, all three turbine 
types were rotating at rates with potentially lethal tip speeds. Higher bat activity at nacelle height 
was recorded at the FRWF on nights with lower wind speeds, suggesting that feathering of GE 
and Vestas turbines below cut-in speeds could result in further reductions in bat fatality rates.  
 

Figure 27. Estimated tip speed by wind speed for 3.5 m/s, 5.0 m/s, and 6.5 m/s cut-in speed 
adjustments for GE, Clipper, and Vestas wind turbines during the 2010 carcass monitoring 
at the Fowler Ridge Wind Farm. Estimates were made based on Friedman’s 
SuperSmoother (Friedman 1984). 
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Figure 28. Percent of 5-minute intervals with tip speed above 50 mph for 1-meter intervals of 

wind speed for Clipper turbines during fall carcass monitoring at the Fowler Ridge Wind 
Farm in 2010. The percent of overall 5-minute measures within each wind speed bin is 
shown as a dotted line. Percentages along the x-axis represent the percent of 5-minute 
measures of wind speed that fell within that bin.  
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Figure 29. Percent of 5-minute intervals within 1-meter wind speed intervals with tip speed above 

50 mph for VESTAS turbines during fall carcass monitoring at the Fowler Ridge Wind Farm 
in 2010. The percent of overall 5-minute measures within each wind speed bin is shown as 
a dotted line. Percentages along the x-axis represent the percent of 5-minute measures of 
wind speed that fell within that bin. 

Figure 30. Percent of 5-minute intervals within 1-meter wind speed intervals with tip speed 
above 50 mph for GE turbines during fall carcass monitoring at the Fowler Ridge Wind 
Farm in 2010. Percent of overall 5-minute measures within each wind speed bin is 
shown as a dotted line. Percentages along the x-axis represent the percent of 5-minute 
measures of wind speed that fell within that bin.  
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The results of the 2011 blade feathering experiment show that further reductions in bat fatality 
rates were realized by feathering blades below cut-in speeds, compared to simply raising cut-in 
speeds of turbines. Bat fatality rates were reduced 36% in 2011 by feathering turbine blades 
below baseline (3.5 m/s) cut-in speeds. In 2010, 50% reductions in bat fatality rates were 
observed by raising cut-in speeds to 5.0 m/s. In 2011, a 56.7% reduction in bat fatality rates was 
observed by feathering blades below a lower cut-in speed (4.5 m/s). In 2010, a 78% reduction in 
bat fatality rates was observed by raising cut-in speeds to 6.5 m/s. In 2011, a 73.3% reduction in 
bat fatality rates was observed by feathering blades below a lower cut-in speed (5.5 m/s).  
 
Research completed at other wind energy facilities also show feathering blades as an effective 
tool for reducing bat fatalities (Table 31). Young et al. (2011) found that feathering blades before 
they reached baseline cut-in speeds reduced bat fatalities. Similar results were recently 
reported by Baerwald et al. (2011) at a wind energy facility in Alberta, Canada. In both of these 
studies, the turbine blades and rotors were feathered so as to not turn at speeds below the cut-
in speeds that were still potentially lethal for bats. In both cases, significant reductions in 
mortality (about 40 – 50%) were documented by feathering the turbine rotors below the normal 
cut-in speed of 4.0 m/s (13.1 ft/s).  
 

Table 31. Comparison of available data on effectiveness of changing turbine cut-in speeds or blade 
feathering on reducing bat mortality 

Location Turbine type Treatment 
Reduction in Bat 

Casualty (Percent) Reference 

Casselman, PA GE 1.5-MW 5.0 m/s 77.5 Arnett et al. 2010 6.5 m/s 75.0 

Alberta, Canada Vestas V80 1.8-MW 
5.5 m/s 60.0 

Baerwald et al. 2009 idled during low 
wind speeds 57.4 

Mount Storm, WV  4.0 m/s 
22-47% 

2nd half vs 1st half 
of the night 

Young et al. 2011 

Fowler Ridge, IN 2011 
Vestas V82 1.65-MW
Clipper C96 2.5-MW 
GE SLE 1.5-MW 

3.5 m/s 
4.5 m/s 
5.5 m/s 

36.3 
56.7 
73.3 

This Study 

Fowler Ridge, IN 2010 
Vestas V82 1.65-MW
Clipper C96 2.5-MW 
GE SLE 1.5-MW 

5.0 m/s 50 
Good et al. 2011 6.5 m/s 78 

Germany Unknown 5.5 m/s ~50 O. Behr, unpubl. data
 

Baseline Bat Fatality Rates 

A secondary objective of the 2011 research was to determine if overall fall bat fatality rates were 
similar to or different from rates recorded in the fall of 2010. Larger cleared plots were sampled 
in 2011 to better measure the distances bats fell from turbines. Baseline bat fatality rates were 
similar between 2010 and 2011 after adjusting for bats that fell outside of plots in 2010. 
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The spring and fall combined fatality estimate in 2011 was 20.18 bats/MW/year. Studies at the 
FRWF are the first reported fatality estimates from Indiana, making comparisons to nearby 
wind-energy facilities difficult. Early studies of wind-energy facilities in the Midwest reported 
lower bat fatality rates than FRWF, and also included searches of standing corn and soybean 
fields during the growing season (see Appendix F). Searching standing crop fields becomes 
progressively more physically difficult, and progressively less effective from a searcher 
efficiency standpoint. Corn and soybean fields in the Midwest are especially difficult to search in 
August and September, when most bat casualties occur. Thus the most ready comparison of 
results from the FRWF, based on similarity of methods and landscape, is to the Top of Iowa 
wind-energy facility in north-central Iowa, the Blue Sky Greenfield facility in Wisconsin, the 
Forward Wind Energy Center in Wisconsin, the Cedar Ridge wind project in Wisconsin, and the 
Grand Ridge wind-energy facility in Illinois. With the exception of Grand Ridge, higher bat 
fatality rates were reported from wind-energy facilities in Wisconsin, Minnesota, Illinois, and 
Iowa that involved searching areas lacking standing crops, compared to earlier studies that 
involved searching standing corn and soybean fields (see Appendix F). Bat casualty rates at the 
FRWF were most similar to rates reported at wind-energy facilities in Wisconsin where crops 
where cleared for casualty studies. 
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The 2011 fatality estimate for the FRWF included only the spring and fall seasons, while most 
fatality estimates from Wisconsin included summer, spring, and fall. Relatively large numbers of 
bat fatalities would not be expected at the FRWF in the summer, given that most bat fatalities at 
wind energy facilities across the US usually occur in the fall (Arnett et al. 2010), and the project 
generally lacks suitable summer roosting and foraging habitat for most bat species.  
 
Similar to other wind energy facilities in the US, the majority of casualties were comprised of 
eastern red bats, hoary bats, and silver-haired bats (Arnett et al. 2010). Myotis casualties were 
rare at the FRWF, comprising two of the 573 casualties found in 2011. Unlike 2009 and 2010, 
no Indiana bat casualties were found in 2011 at the FRWF. 
 
Two new species were found as casualties at the FRWF in 2011, the evening bat and Seminole 
bat. Three of the four evening bat carcasses were found during the summer (May 13, July 19, 
July 24), suggesting that a summer colony of evening bats is potentially present within the 
FRWF, while the fourth was found on October 10 and may represent a potential migrant. 
Evening bats are relatively common in the southeastern US, but rare within Indiana. The 
evening bat is an Indiana state-listed endangered species (INHDC 2010).The FRWF obtained 
an incidental take permit from the state of Indiana for the evening bat after discovery of the first 
casualty. 
 
Three Seminole bat carcasses were found on August 17, August 20, and September 3. The 
Seminole bat is a resident of the southern US, and typically roosts within Spanish moss 
(Tillandsia usneoides). Few records of the Seminole bat exist for Indiana, most of which were 
thought to be inadvertently transported to Indiana within Spanish moss transported from the 
southern US (Whitaker 2009). The FRWF is outside of the known range for the Seminole bat, 
although the species has been found outside of its range in other states. Discovery of the 
carcasses between August 17 – September 3 coincide with the post-breeding and migration 
periods for many bat species. 

Timing of Bat Fatalities  

Similar to other studies of bat casualties and wind-energy projects, the vast majority of bat 
casualties at the FRWF occurred during August and September (2005, Arnett et al. 2008), 
which coincides with the fall migration period for migratory tree bats. Johnson et al. (2010a) also 
noted that most fatalities occurred in 2009 from August through mid-September. Peaks in bat 
casualties in 2010 occurred primarily in early August, whereas Johnson et al. (2010a) noted 
peaks in bat casualties in early August and early September in 2009. Peaks in bat fatalities also 
generally corresponded with peak bat activity recorded at the FRWF in 2011, and bat activity 
rate was a significant variable in models predicting bat casualty rates at the FRWF.  

Bat Fatalities and Weather 

During the fall migration period of 2010, bat casualty rates were highest on nights with higher 
bat activity, lower mean wind speeds, and higher mean temperature. In other words, higher bat 
fatalities were associated with warmer, calmer evenings with increased bat activity. The 2011 
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study involved feathering blades at 126 of the 168 turbines searched on a daily basis. The blade 
feathering experiment altered the relationship between bat fatalities and wind speed, with fewer 
bat fatalities occurring when winds were below cut-in speeds of turbines. A total of about 77% of 
all bat fatalities and about 73% of all bat activity at the height of the nacelles occurred when 
wind speeds were below 5.5 m/s. This suggests that wind speeds above certain thresholds 
reduces bats’ ability to fly near nacelle height. 
 
In 2011, bat fatality rates were negatively related with increasing barometric pressure. 
Barometric pressure typically decreases in advance of weather fronts, followed by precipitation 
events. It is unclear if the relationship observed was the result of bats migrating in front of 
oncoming weather fronts. The relationship may also be caused by decreases in bat activity and 
bat fatality rates associated with precipitation and increasing barometric pressure after storm 
fronts arrive. Bat fatality rates were positively associated with increasing barometric pressure in 
2010. The differences in this relationship between 2010 and 2011 seemingly present 
contradictory results. However; 2010 was one of the driest summer and fall periods on record in 
Indiana (Scheeringa 2010), and many passages of fronts in 2010 were not followed by 
precipitation events. The summer and fall of 2011 was closer to the historical average for 
precipitation (Scheeringa 2011). 
 
Other researchers have also noted relationships between lower wind speeds and passage of 
weather fronts on bat activity and casualty rates in Tennessee, West Virginia, Iowa, and 
Wisconsin (Fiedler 2004, Kerns et al. 2005, Jain 2005, Arnett et al. 2008, Gruver et al. 2009). 
The consistency of results across wind energy facilities and regions suggests it is possible to 
predict when many of the bat casualties occur, which can serve as a basis for designing 
strategies to reduce bat casualty rates.  
 
The reasons why lower bat fatalities occur on nights with higher wind speeds has not been well 
studied. Baerwald and Barclay (2009) suggested that silver-haired and hoary bats in Canada 
may not be killed as frequently on nights with higher wind speeds because these species may 
be flying at heights greater than turbines in higher wind speeds. Bats may also not migrate 
during nights of high wind speeds due to increased energetic costs (Arnett et al. 2008). The 
results of the 2010 research on bat activity and weather variables suggest that wind speed was 
a significant variable for predicting bat use on nacelles, but not for ground based units. 2011 
activity data on nacelles show a clear decline in activity as wind speed increased, while the 
relationship was less obvious at ground detectors. This may indicate that bats continue to fly 
and echolocate in stronger winds, but do so at lower altitudes when winds are strong. It was not 
possible for WEST to monitor bat use above the heights of turbines prior to construction, and it 
is not known if bats were migrating or flying above turbine heights in stronger winds, although it 
seems unlikely that bats would fly higher during stronger winds due to the higher energetic 
costs. 

Bat Fatalities and Turbine Type 

Turbine model was a significant predictor of bat fatalities in 2011, with more bat fatalities 
observed at Vestas and Clipper turbines, and fewer observed at GE turbines. Barclay et al. 
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(2007) examined patterns of turbine heights and rotor diameter on bird and bat fatalities at 
existing wind energy facilities, and noted that bat casualty rates increased with increasing tower 
height, but seemed unaffected by increasing rotor diameter. However, WEST is unaware of any 
researchers that have examined casualty rates at turbines with the same nacelle height and 
varying rotor diameters during a concurrent casualty study. Three types of turbines were 
present within the FRWF. While all turbines had the same nacelle height, the three turbine types 
had differing rotor diameters. During 2010, observed bat casualty rates were not equal between 
turbine types, with higher bat casualty rates observed at turbines with greater rotor diameters. 
This pattern was potentially a function of increasing rotor swept area, and bats may have had an 
increased probability of colliding with turbines that had greater rotor swept areas.  
 
Although the Clipper turbines had a greater rotor swept area, the Vestas turbines showed a 
higher per turbine fatality rate in 2011 compared to the Clipper and GE turbines. Further 
examination in 2011 suggests that turbine behavior prior to reaching cut-in speeds also affected 
bat fatality rates. Prior to reaching cut-in speeds in 2011, Vestas turbines were spinning more 
often and at higher speeds than the GE and Clipper turbines. Differences in turbine behavior 
between turbine types prior to reaching cut-in speeds, as well as the results of the blade 
feathering experiment, suggest that rotor swept area was not the only factor affecting bat fatality 
rates between turbines. Bats are more active during lower wind speeds, and decreasing the 
amount of time turbines are spinning during lower wind speeds significantly decreases bat 
fatality rates. 

Bat Activity 

Another objective of the study was to determine if bat activity rates were similar between the fall 
of 2010 and 2011. Bat activity at the base of turbines (16.72 versus 11.46 bat passes per 
detector-night) and on nacelles (5.19 versus 3.10 bat passes per detector-night) was higher in 
2011 compared to 2010. Detectors were placed at four turbines during each season of study. 
Three different turbines were sampled in 2011, while turbine 614 was sampled during both 
years. Differences in activity rates could be attributed to different sampling locations. However, 
activity at turbine 614 was also higher in 2011 (22.28 bat passes per detector-night at the raised 
detector and 5.24 bat passes per detector-night at the ground detector) compared to 2010 (8.52 
at passes per detector-night at the raised detector and 2.93 at passes per detector-night at the 
ground detector), suggesting that increases in activity were not due entirely to differences in 
sampling locations. Relatively little research has been completed regarding between year 
variation in migratory activity of bats, although it is likely that weather patterns can influence 
migratory activity. The fall of 2010 was one of the driest in record for Indiana (Scheeringa 2010), 
while precipitation was closer to historical averages in 2011 (Scheeringa 2011). Differences in 
weather patterns between years could result in differences in measured bat activity at the 
FRWF. 
 
Although overall bat activity varied between years, Myotis bat activity remained consistently low 
between 2010 and 2011. A total of five calls were identified by the DF as resembling Indiana bat 
calls, and only one of the calls passed the Britzke filter. None of the calls identified by the DF 
were verified by WEST biologists. The results of acoustic monitoring and fatality searches in 
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2009, 2010, and 2011 suggest that Myotis bat activity rates and fatality rates are low compared 
to other bat species at the FRWF. 
 
Similar to 2010, overall bat activity rates at the base of turbines were higher than recorded at 
ground locations away from turbines, and higher than recorded in 2007 prior to construction 
(Good et al. 2011). Cryan and Barclay (2009) hypothesized that relatively high bat casualty 
rates observed at wind energy facilities were the result of bats being attracted to turbines. 
Acoustic data collected from the ground at the FRWF before and after the construction of 
turbines may support this hypothesis. One potentially confounding factor is the lack of bat 
activity data within the potential rotor swept heights of turbines prior to construction. Data 
collected in 2010 and 2011 at FRWF, as well as data collected by other researchers (Baerwald 
et al. 2009), suggest that bat activity within rotor swept areas is more closely related to bat 
casualty rates than bat activity recorded on the ground. Further research conducted at other 
wind-energy facilities is needed in order to more fully test if bats are attracted to turbines. The 
studies conducted at FRWF were not designed to answer questions behind why bats may be 
attracted to turbines.  
 

Use of Roads and Pads as Searchable Areas 

The FRWF and other wind-energy facilities in the Midwest are located within landscapes 
dominated by productive corn and soybean fields. Corn and soybean fields provide a unique 
challenge for designing carcass monitoring surveys. From July through October, corn and 
soybean fields in the Midwest grow rapidly and form overlapping vegetative canopies that 
greatly reduce that ability of searchers to find carcasses, creating large areas around turbines 
where searcher efficiency rates are very low.  This also coincides with the period when most bat 
casualties occur at FRWF and at other wind-energy facilities across the U.S. Very low searcher 
efficiency rates decrease the reliability of bat casualty estimates.  
 
In order to detect fatalities at wind turbines under these conditions, researchers have accounted 
for very low detection rates within mature crop fields by paying landowners to clear a portion of 
their crops. This has resulted in landowner concerns over loss of crops and erosion. Corn and 
soybeans are a valuable commodity in the Midwest, and paying landowners to clear large areas 
of crops can be expensive. This is especially problematic for large wind-energy facilities where 
larger sample sizes are needed to calculate bat casualty rates.  
 
The presence of gravel roads and pads underneath turbines provide a more searchable 
background for carcasses, and do not require extensive crop clearing. There are numerous 
benefits of road and pad searches: 

cmeinke
Highlight
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1. Searcher efficiency estimates are significantly higher on the roads and pads (about 85%) 

compared to cleared plots containing areas away from roads and pads (about 32%; 
Good et al. 2011). Higher search detection results in: 

a. More precise estimates of mortality  
b. A better understanding of the effects of the facility on Indiana bats. 

 
2. A more randomized and representative sample can be acquired when only searching 

road and pads. Logistics for clearing plots are significant and the location of plots is 
limited to landowners willing to cooperate with the study. Increased randomization 
strengthens model assumptions for fatality estimation. 

 
3. A much larger sample of individual turbines can be conducted, providing larger spatial 

coverage. Increased spatial coverage provides additional information regarding possible 
flyways or areas of high incidence due to land use/land cover. Additional spatial 
representation also allows for testing and evaluation of a larger number of factors that 
may influence mortality, including landscape/proximity measures (e.g. distance to water 
features, shelterbelts, or surrounding crop types).  

 
4. From an agricultural standpoint, searching only roads and pads enables farmers to plant 

additional acreage as no crops will be lost to clearing for search plots.  
 

Double sampling is a common approach used when the standard sampling effort is very 
expensive and alternative and correlated sampling is possible. The basic idea of double 
sampling is that easy-to-measure/economical indicators are measured on a relatively large 
subset or census of sampling units in the assessment area (Morrison et al 2008). In addition, 
the expensive/time-consuming indicators are measured on a subset of the sampling units from 
within the study area.  
 
The results of research conducted at FRWF during 2010 and 2011 show that comparable 
estimates of overall bat casualty rates can be obtained utilizing roads and pads as the primary 
sampling unit, under a double sampling strategy, compared to reliance on cleared plots. The 
results also show that daily searches are not needed to calculate comparable casualty 
estimates at FRWF assuming the carcass removal rates remain similar in the future. Use of 
roads and pads as sampling units provide a more cost-effective method for estimating overall 
bat casualty rates at FRWF compared to reliance on cleared plot searches or searches of 
standing corn and soybean fields. 
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Appendix A. Estimated Time of Death Information Sheet 
 
 

Previous Night 

- Eyes will be round and fluid filled or slightly dehydrated  
- No Decomposition  
- No infestations other than flies and eggs 
- Body may be more flexible 

2 – 3 Days 

- Eyes will be sunken or missing 
- May be infested with maggots, beetles, flies, and ants 
- Flesh and internal organs will begin to be scavenged by insects 

4 – 7 Days 

- Eyes will be completely gone 
- Most internal  organs will be missing 
- Bat may look like a hallow shell 
- Fur may begin to fall off the skin and bat may look like it expanded in size 
- Few maggots may be present but not prevalent 

7 – 14 Days 

- There is almost no meat left on body 
- Skin has conformed to the skeletal system  
- Body cavity should be devoid of insects 

> 2 Weeks to >  1 Month 
 
 - Wing membrane is either gone or deteriorating 
 - Exposed bones are bleached in appearance 
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Appendix B. Discriminant Function Analysis Methods for Fowler 
 
 
Date:  January 30, 2012 
 
To:  Rhett Good 
 
Re:  Discriminant Function Analysis Methods for Fowler 
 
This memo summarizes the bat species discriminant function developed from a library 
of known bat calls obtained from Dr. Lynn Robbins (University of Missouri). There were 
599 bat calls from 11 bat species used to develop the function. The average number of 
pulses per call is shown in Table 1. The “HQ3” filter was applied to the data in Analook 
(© Chris Corben) to remove extraneous data points, and pulse parameters were 
exported for analysis using standard Analook methods. The call parameters were 
summarized over all the pulses within a call, and a call was considered the sampling 
unit in the analysis. We use the mean to summarize each call parameter, and in 
addition, the variance was used to summarize minimum frequency. 
  
Methods 
The call data were evaluated in context of the important assumptions of discriminant 
function analyses (Manly 2005). Four calls were outliers in multidimensional space and 
were removed. Four calls had extreme values for at least 3 variables, with extreme 
values defined as standardized scores greater than 3 (or less than -3). Because the 
data set had significantly different sample sizes for each of the species, the 
homogeneity of the variance-covariance matricies was investigated to improve 
classification. The test for the homogeneity within covariance matricies was rejected 
(p<0.0001), and separate covariance matricies were used during classification. The 
tests available for evaluating homogeneity within covariance matrices are notoriously 
sensitive, so a randomization test was used to evaluate the influence of the normality 
and homogeneity assumptions on the model (Manly 2005). 
 
A canonical discriminate function was developed using a stepwise model selection 
procedure. There were 13 variables in the candidate variable list: mean duration (Dur), 
mean maximum frequency (Fmax), mean minimum frequency (Fmin), variance of the 
minimum frequency (varFmin), mean frequency (Fmean), mean time to inflection point 
of pulse (Tk), mean frequency at inflection point of pulse (Fk), mean characteristic 
duration (Dc), mean characteristic time (Tc), mean characteristic frequency (Fc), mean 
Pmc (a measure of shape) (Pmc), mean initial slope (S1), and mean characteristic 
slope (Sc). Forward model selection was conducted with significance level to enter set 
at 0.15 and significance level to stay set at 0.15. Ten-fold cross-validation was used to 
determine classification rates of the model. 
 
The randomization test (RT) was conducted to determine if the model selection 
procedure and discriminate function model results were purely a chance effect of 
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observations in a random order (Manly 1997). To conduct the RT, the data were 
reordered 999 times with the bat species (response in the model) randomly assigned to 
each observation. The discriminant function was estimated for each reordered data set 
and 2 statistics were saved from each run: eigenvalues and Wilks’ Lambda. The 
distribution of these 999 values was the randomization distribution and a randomization 
test statistic was calculated as the number of these values that are as or more extreme 
than the observed statistic from the model with the actual data. Small values of the test 
statistic indicate the null hypothesis of chance effects is not true. 
 
The classification equations are used to assign calls to a species group. The 
classification score for a call is calculated for each classification equation and the call is 
assigned to the species group for which the classification score is the highest. In the 
application to the Fowler data, calls were only classified to a species if the classification 
score (i.e., posterior probability) was at least 0.95, otherwise calls were labeled as 
“Other”.  Prior probabilities were assigned to inform the model predictions (Afifi and 
Clark 1996). Since two bat species, Myotis grisescens and Myotis leibii were not known 
to occur in the study area, the prior probability was set to zero. The remaining nine 
species were assigned equally probable values as prior probabilities.  Note that this has 
the effect of modifying the dividing points between species calls but does not change 
the linear equations or correct classification rate of the original model. 
 
Results 
The model selection procedure resulted in 12 variables entering and staying in the 
model, all in the candidate variable list except mean time to inflection point of pulse. The 
model had a correct classification rate of 88% across all 11 species. The correct 
classification rates for individual species are in Table 2. Wilks’ lambda was used to test 
significance of the discriminant function as a whole. The statistic was significantly large 
(p<0.0001) indicating the model does discriminate among the 11 bat species. The 
randomization test of Wilks’ Lambda also concluded that the model results were not a 
function of pure chance (p=0.001).  
 
The first eigenvalue accounted for 62% of the variance explained with the second 
accounting for 23% for a cumulative sum across the first two eigenvalues of 85%. The 
randomization test of the first three eigenvalues concluded that the model results were 
not a function of pure chance (p=0.001). The bat calls were plotted in the space of the 
first two canonical variates (discriminant functions) to show how they separate the 
groups (Figure 1). The first variable is positively correlated with minimum frequency, 
characteristic frequency, frequency at inflection point of pulse, and mean frequency and 
separates out the three low frequency species from the rest (EPFU, LACI, and LANO). 
The second and third variables are more important in separating the rest of the species 
(Figure 2). The second canonical variate is positively correlated with the characteristic 
slope and mean frequency. The third canonical variate is negatively correlated with 
frequency at inflection point of pulse and the measure of shape. 
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The classification equations for this model are in Table 3. Each row in Table 3 
represents an equation, with the constant and a coefficient for each variable in the 
model. 
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Table 1. Number of calls and average number of pulses per call for each bat species 
used in the discriminant function analysis. 

Number Mean Number of 
95% Confidence 
Interval 

Species of Calls Pulses per Call Lower Upper 
EPFU 104 21.12 18.48 23.75 
LABO 45 24.31 19.35 29.28 
LACI 25 17.28 13.14 21.42 
LANO 19 17.11 7.89 26.32 
MYGR 64 26.56 21.40 31.73 
MYLE 12 23.58 16.56 30.60 
MYLU 65 20.75 18.15 23.35 
MYSE 50 21.46 18.13 24.79 
MYSO 89 22.17 19.24 25.10 
NYHU 13 16.38 10.05 22.72 
PESU 113 17.85 15.76 19.94 
 
 
 
 
Table 2. Proportion of calls correctly classified for each species and all species 
combined. 

Species 

Total 
number 
of Calls 

Number 
of 
Correctly 
Classified 
Calls 

Proportion 
of Calls 
Correctly 
Classified

EPFU 104 94 0.90 
LABO 45 38 0.84 
LACI 25 19 0.76 
LANO 19 15 0.79 
MYGR 64 61 0.95 
MYLE 12 8 0.67 
MYLU 65 54 0.83 
MYSE 50 40 0.80 
MYSO 89 75 0.84 
NYHU 13 10 0.77 
PESU 113 112 0.99 
Total 599 526 0.88 
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Table 3.  Coefficients of the classification equations for the discriminant function. 
Species Constant Fmin Sc Fk Dc Fc dur varFmin Fmean Pmc Fmax S1 Tc 
EPFU -429.83 -5.12 -0.16 -1.19 12.96 36.77 17.35 -1.10 22.60 8.92 -30.45 0.21 -13.63
LABO -548.37 1.54 -0.29 -2.69 18.48 38.73 18.20 -0.95 14.13 7.75 -24.78 0.18 -18.41
LACI -384.99 -4.18 -0.11 -2.86 20.96 31.29 30.76 -0.51 25.54 8.17 -29.68 0.26 -29.52
LANO -369.53 -5.11 -0.19 -2.81 19.11 35.27 14.48 -1.00 21.69 7.95 -27.94 0.24 -14.63
MYGR -716.98 -8.49 -0.49 -0.67 19.72 43.94 11.76 -1.58 25.27 8.13 -29.16 0.25 -13.38
MYLE -696.99 -5.77 -0.19 -5.02 19.50 40.30 16.49 -1.77 30.22 7.80 -30.30 0.33 -15.92
MYLU -601.95 -7.52 -0.36 2.49 13.84 34.27 17.02 -1.50 28.33 7.97 -30.05 0.28 -14.48
MYSE -609.41 -10.76 -0.13 -6.36 19.96 40.69 16.59 -1.60 34.40 7.85 -30.86 0.29 -16.45
MYSO -616.78 -9.91 -0.31 -3.77 15.07 39.25 17.04 -1.62 33.66 7.86 -31.15 0.30 -14.95
NYHU -533.36 -2.49 -0.33 -2.93 19.02 40.45 11.67 -1.27 18.76 8.03 -27.43 0.26 -12.07
PESU -679.65 -3.11 -0.44 -5.95 25.57 48.78 11.98 -1.60 19.66 8.63 -28.90 0.25 -17.26
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Figure 1. Bat calls in the space of the first two canonical variates. 
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Figure 2. Bat calls in the space of the second and third canonical variates. 
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Appendix C. Complete listing of carcasses found during 2011 surveys at the 
Fowler Ridge Wind Farm  

  



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
4 /1 /2011 European starling 332 7 carcass search Road & Pad Only complete 
4 /3 /2011 rough-legged hawk 099 48 incidental off plot Road & Pad Only complete 

4 /5 /2011 
unidentified 
waterfowl 334 80 carcass search Road & Pad Only feather spot

4 /7 /2011 European starling 390 19 carcass search Road & Pad Only complete 
4 /7 /2011 killdeer 603 27 incidental off plot Road & Pad Only complete 
4 /14/2011 eastern red bat 286 8 carcass search Road & Pad Only partial 
4 /15/2011 horned lark 443 57 carcass search Road & Pad Only partial 

4 /15/2011 
unidentified 
waterfowl 639 30 carcass search Road & Pad Only feather spot

4 /21/2011 European starling 152 32 carcass search Road & Pad Only complete 
4 /27/2011 silver-haired bat 642 5 carcass search Road & Pad Only complete 
4 /27/2011 silver-haired bat 642 6 carcass search Road & Pad Only complete 

4 /30/2011 
unidentified 
waterfowl 639 9 incidental off plot Road & Pad Only scavenged 

5 /2 /2011 silver-haired bat 448 27 carcass search Road & Pad Only complete 
5 /3 /2011 silver-haired bat 641 11 incidental off plot Road & Pad Only complete 

5 /3 /2011 
yellow-throated 
vireo 121 27 incidental off plot Road & Pad Only complete 

5 /7 /2011 hoary bat 248 10 incidental off plot Road & Pad Only complete 
5 /9 /2011 eastern red bat 476 42 incidental off plot Road & Pad Only scavenged 
5 /11/2011 eastern red bat 403 13 incidental off plot   complete 
5 /11/2011 European starling 065 5 carcass search Road & Pad Only scavenged 
5 /11/2011 hoary bat 203 4 incidental on plot Road & Pad Only complete 
5 /12/2011 eastern red bat 608 7 incidental off plot   scavenged 
5 /12/2011 hoary bat 334 18 carcass search Road & Pad Only complete 
5 /12/2011 hoary bat 614 15 carcass search Road & Pad Only complete 
5 /12/2011 silver-haired bat 607 13 carcass search Road & Pad Only scavenged 

5 /12/2011 
unidentified bird 
(small) 603 9 carcass search Road & Pad Only feather spot

5 /13/2011 eastern red bat 354 37 carcass search Road & Pad Only complete 
5 /13/2011 evening bat 630 4 carcass search Road & Pad Only complete 
5 /15/2011 eastern red bat 173 15 carcass search Road & Pad Only partial 
7 /14/2011 eastern red bat 052 3 incidental off plot Road & Pad Only scavenged 
7 /14/2011 eastern red bat 411 0 incidental off plot Road & Pad Only scavenged 
7 /14/2011 eastern red bat 460 14 incidental off plot Road & Pad Only scavenged 
7 /14/2011 eastern red bat 481 14 incidental off plot Road & Pad Only scavenged 
7 /14/2011 eastern red bat 609 22 incidental off plot Road & Pad Only scavenged 
7 /14/2011 eastern red bat 622 11 incidental off plot Road & Pad Only scavenged 
7 /14/2011 hoary bat 426 21 incidental off plot Road & Pad Only complete 
7 /14/2011 hoary bat 445 17 incidental off plot Road & Pad Only scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
7 /14/2011 hoary bat 454 7 incidental off plot Road & Pad Only scavenged 
7 /14/2011 hoary bat 478 40 incidental off plot Road & Pad Only scavenged 
7 /14/2011 killdeer 129 80 incidental off plot Road & Pad Only partial 
7 /14/2011 killdeer 229 30 incidental off plot Road & Pad Only feather spot
7 /14/2011 mourning dove 628 26 incidental off plot Cleared Plot feather spot
7 /14/2011 silver-haired bat 607 0 incidental off plot Road & Pad Only scavenged 

7 /14/2011 
unidentified large 
bird 640 32 incidental off plot Road & Pad Only scavenged 

7 /15/2011 eastern red bat 230 15 incidental off plot Road & Pad Only scavenged 
7 /15/2011 indigo bunting 086 2 incidental off plot   complete 

7 /15/2011 
unidentified large 
bird 024 50 carcass search Cleared Plot feather spot

7 /16/2011 eastern kingbird 230 27 carcass search Road & Pad Only feather spot
7 /16/2011 eastern red bat 429 10 carcass search Road & Pad Only complete 
7 /16/2011 hoary bat 480 13 carcass search Cleared Plot scavenged 
7 /17/2011 common grackle 448 7 carcass search Road & Pad Only scavenged 
7 /17/2011 eastern red bat 439 0 incidental off plot   scavenged 
7 /17/2011 killdeer 118 39 carcass search Road & Pad Only feather spot
7 /18/2011 eastern red bat 396 55 incidental off plot Cleared Plot complete 
7 /18/2011 hoary bat 469 8 incidental off plot   scavenged 
7 /18/2011 hoary bat 643 6 incidental off plot   scavenged 
7 /18/2011 killdeer 082 72 incidental off plot Road & Pad Only feather spot
7 /18/2011 killdeer 480 31 carcass search Cleared Plot feather spot
7 /18/2011 mourning dove 396 10 carcass search Cleared Plot feather spot
7 /19/2011 eastern red bat 024 54 carcass search Cleared Plot complete 
7 /19/2011 eastern red bat 116 6 carcass search Road & Pad Only complete 
7 /19/2011 evening bat 478 1 incidental off plot Road & Pad Only scavenged 
7 /20/2011 big brown bat 147 12 carcass search Road & Pad Only complete 
7 /20/2011 eastern red bat 455 4 carcass search Road & Pad Only partial 
7 /20/2011 hoary bat 355 25 carcass search Road & Pad Only complete 
7 /20/2011 killdeer 230 36 carcass search Road & Pad Only feather spot
7 /20/2011 killdeer 230 38 incidental off plot Road & Pad Only feather spot
7 /21/2011 eastern red bat 057 3 carcass search Road & Pad Only partial 
7 /21/2011 eastern red bat 476 6 carcass search Road & Pad Only complete 
7 /21/2011 eastern red bat 622 35 carcass search Road & Pad Only scavenged 
7 /21/2011 hoary bat 024 26 carcass search Cleared Plot scavenged 
7 /21/2011 hoary bat 475 5 incidental off plot   scavenged 
7 /21/2011 hoary bat 631 39 carcass search Road & Pad Only complete 
7 /22/2011 eastern red bat 026 40 carcass search Road & Pad Only scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
7 /22/2011 eastern red bat 054 37 carcass search Road & Pad Only scavenged 
7 /22/2011 eastern red bat 405 7 carcass search Road & Pad Only complete 
7 /22/2011 eastern red bat 433 18 incidental off plot   scavenged 
7 /22/2011 hoary bat 047 5 carcass search Road & Pad Only complete 
7 /22/2011 killdeer 628 63 carcass search Cleared Plot scavenged 
7 /23/2011 eastern red bat 221 54 incidental off plot Road & Pad Only scavenged 
7 /23/2011 eastern red bat 631 16 carcass search Road & Pad Only complete 
7 /23/2011 hoary bat 048 61 carcass search Cleared Plot scavenged 
7 /23/2011 hoary bat 156 31 carcass search Road & Pad Only scavenged 
7 /23/2011 hoary bat 203 15 carcass search Road & Pad Only complete 
7 /24/2011 big brown bat 627 0 carcass search Road & Pad Only complete 
7 /24/2011 eastern red bat 083 4 carcass search Road & Pad Only complete 
7 /24/2011 eastern red bat 170 17 carcass search Road & Pad Only complete 
7 /24/2011 eastern red bat 396 48 carcass search Cleared Plot scavenged 
7 /24/2011 eastern red bat 631 2 carcass search Road & Pad Only complete 
7 /24/2011 evening bat 046 7 carcass search Road & Pad Only scavenged 
7 /24/2011 hoary bat 355 0 carcass search Road & Pad Only complete 
7 /24/2011 unidentified warbler 388 21 carcass search Road & Pad Only scavenged 
7 /25/2011 hoary bat 156 24 carcass search Road & Pad Only complete 
7 /25/2011 hoary bat 248 2 carcass search Road & Pad Only complete 
7 /25/2011 hoary bat 253 7 carcass search Road & Pad Only scavenged 
7 /25/2011 little brown bat 611 8 incidental off plot Road & Pad Only scavenged 
7 /25/2011 rock pigeon 445 77 carcass search Road & Pad Only feather spot
7 /26/2011 eastern red bat 090 7 incidental off plot Road & Pad Only scavenged 
7 /26/2011 hoary bat 411 4 carcass search Road & Pad Only scavenged 
7 /26/2011 hoary bat 614 33 carcass search Cleared Plot complete 
7 /26/2011 hoary bat 630 29 carcass search Cleared Plot complete 
7 /26/2011 hoary bat 630 24 carcass search Cleared Plot scavenged 
7 /27/2011 eastern red bat 028 0 carcass search Road & Pad Only complete 
7 /27/2011 eastern red bat 170 32 carcass search Road & Pad Only complete 
7 /27/2011 eastern red bat 173 4 carcass search Road & Pad Only complete 
7 /27/2011 eastern red bat 405 27 incidental off plot Road & Pad Only scavenged 
7 /27/2011 hoary bat 286 13 incidental off plot Road & Pad Only complete 
7 /27/2011 hoary bat 389 4 incidental off plot   scavenged 
7 /27/2011 hoary bat 389 6 incidental off plot   scavenged 
7 /27/2011 killdeer 095 63 carcass search Cleared Plot feather spot

7 /27/2011 
unidentified large 
bird 625 36 carcass search Road & Pad Only scavenged 

7 /27/2011 unidentified large 639 54 carcass search Road & Pad Only scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
bird 

7 /28/2011 eastern red bat 455 25 carcass search Road & Pad Only scavenged 
7 /28/2011 hoary bat 628 35 carcass search Cleared Plot scavenged 
7 /28/2011 killdeer 480 24 carcass search Cleared Plot feather spot
7 /29/2011 eastern red bat 076 16 carcass search Road & Pad Only complete 
7 /29/2011 eastern red bat 095 25 carcass search Cleared Plot scavenged 
7 /30/2011 eastern red bat 605 1 carcass search Road & Pad Only complete 
7 /30/2011 eastern red bat 606 32 carcass search Road & Pad Only scavenged 
7 /31/2011 big brown bat 152 6 carcass search Road & Pad Only scavenged 
7 /31/2011 eastern red bat 004 8 carcass search Road & Pad Only scavenged 
7 /31/2011 eastern red bat 286 20 carcass search Road & Pad Only complete 
7 /31/2011 eastern red bat 305 5 carcass search Road & Pad Only complete 
7 /31/2011 eastern red bat 477 41 carcass search Road & Pad Only complete 
7 /31/2011 eastern red bat 637 11 carcass search Road & Pad Only scavenged 
7 /31/2011 hoary bat 629 23 incidental off plot   scavenged 
8 /1 /2011 big brown bat 639 40 carcass search Road & Pad Only scavenged 
8 /1 /2011 eastern red bat 363 33 incidental off plot   scavenged 
8 /1 /2011 eastern red bat 363 5 incidental off plot   scavenged 
8 /1 /2011 eastern red bat 620 32 incidental off plot Road & Pad Only partial 
8 /1 /2011 European starling 052 57 carcass search Road & Pad Only feather spot
8 /1 /2011 hoary bat 363 19 incidental off plot   scavenged 
8 /1 /2011 hoary bat 480 4 carcass search Cleared Plot complete 
8 /1 /2011 hoary bat 608 3 incidental off plot   scavenged 
8 /2 /2011 eastern red bat 020 38 carcass search Road & Pad Only complete 
8 /2 /2011 eastern red bat 095 2 carcass search Cleared Plot complete 
8 /2 /2011 eastern red bat 443 12 carcass search Road & Pad Only complete 
8 /2 /2011 eastern red bat 606 23 carcass search Road & Pad Only complete 
8 /2 /2011 hoary bat 218 5 carcass search Cleared Plot complete 
8 /2 /2011 hoary bat 218 23 carcass search Cleared Plot scavenged 
8 /2 /2011 hoary bat 642 8 carcass search Road & Pad Only complete 
8 /2 /2011 killdeer 095 53 carcass search Cleared Plot feather spot
8 /3 /2011 eastern red bat 090 1 carcass search Road & Pad Only complete 
8 /3 /2011 eastern red bat 133 24 carcass search Road & Pad Only complete 
8 /3 /2011 hoary bat 022 15 carcass search Road & Pad Only scavenged 
8 /3 /2011 hoary bat 097 40 carcass search Road & Pad Only complete 
8 /3 /2011 hoary bat 224 51 carcass search Road & Pad Only complete 
8 /4 /2011 eastern red bat 044 60 incidental off plot   scavenged 
8 /4 /2011 eastern red bat 195 7 carcass search Road & Pad Only complete 
8 /4 /2011 eastern red bat 229 40 carcass search Road & Pad Only complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /4 /2011 eastern red bat 454 21 carcass search Road & Pad Only complete 
8 /4 /2011 hoary bat 613 2 incidental off plot   scavenged 
8 /5 /2011 eastern red bat 396 59 carcass search Cleared Plot complete 
8 /5 /2011 eastern red bat 441 1 carcass search Road & Pad Only complete 
8 /5 /2011 eastern red bat 464 1 carcass search Road & Pad Only scavenged 
8 /5 /2011 eastern red bat 480 23 carcass search Cleared Plot complete 
8 /5 /2011 eastern red bat 614 39 carcass search Cleared Plot scavenged 
8 /5 /2011 European starling 147 14 carcass search Road & Pad Only feather spot
8 /5 /2011 hoary bat 152 4 carcass search Road & Pad Only scavenged 
8 /5 /2011 hoary bat 226 31 carcass search Road & Pad Only complete 
8 /5 /2011 hoary bat 388 17 carcass search Road & Pad Only complete 
8 /5 /2011 hoary bat 396 21 carcass search Cleared Plot scavenged 
8 /5 /2011 hoary bat 464 7 carcass search Road & Pad Only complete 
8 /6 /2011 big brown bat 459 16 carcass search Road & Pad Only complete 
8 /6 /2011 big brown bat 476 0 carcass search Road & Pad Only complete 
8 /6 /2011 eastern red bat 048 27 carcass search Cleared Plot scavenged 
8 /6 /2011 eastern red bat 173 10 carcass search Road & Pad Only complete 
8 /6 /2011 eastern red bat 218 12 carcass search Cleared Plot scavenged 
8 /6 /2011 eastern red bat 218 45 carcass search Cleared Plot scavenged 
8 /6 /2011 eastern red bat 221 6 carcass search Road & Pad Only complete 
8 /6 /2011 eastern red bat 309 10 incidental off plot Road & Pad Only scavenged 
8 /6 /2011 eastern red bat 314 37 carcass search Road & Pad Only complete 
8 /6 /2011 eastern red bat 323 15 carcass search Road & Pad Only complete 
8 /6 /2011 eastern red bat 420 21 carcass search Road & Pad Only complete 
8 /6 /2011 eastern red bat 625 8 carcass search Road & Pad Only complete 
8 /6 /2011 hoary bat 218 8 carcass search Cleared Plot complete 
8 /6 /2011 hoary bat 414 16 carcass search Road & Pad Only scavenged 
8 /6 /2011 little brown bat 397 3 carcass search Road & Pad Only complete 
8 /7 /2011 eastern red bat 396 16 carcass search Cleared Plot complete 
8 /7 /2011 eastern red bat 425 5 carcass search Road & Pad Only complete 
8 /7 /2011 eastern red bat 458 22 incidental off plot Road & Pad Only scavenged 
8 /7 /2011 eastern red bat 478 22 carcass search Road & Pad Only complete 
8 /7 /2011 eastern red bat 625 1 carcass search Road & Pad Only complete 
8 /7 /2011 hoary bat 432 7 incidental off plot Road & Pad Only scavenged 
8 /7 /2011 hoary bat 458 17 incidental off plot Road & Pad Only scavenged 
8 /8 /2011 big brown bat 626 1 incidental off plot   scavenged 
8 /8 /2011 eastern red bat 225 14 incidental off plot   scavenged 
8 /8 /2011 eastern red bat 334 7 carcass search Road & Pad Only complete 
8 /8 /2011 eastern red bat 352 12 incidental off plot Road & Pad Only complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /8 /2011 eastern red bat 390 2 carcass search Road & Pad Only complete 
8 /8 /2011 eastern red bat 396 24 incidental on plot Cleared Plot scavenged 
8 /8 /2011 eastern red bat 405 10 carcass search Road & Pad Only complete 
8 /8 /2011 eastern red bat 609 0 carcass search Road & Pad Only complete 
8 /8 /2011 eastern red bat 629 15 incidental off plot   scavenged 
8 /8 /2011 hoary bat 378 19 carcass search Road & Pad Only complete 
8 /8 /2011 hoary bat 459 15 carcass search Road & Pad Only complete 
8 /8 /2011 hoary bat 620 4 carcass search Road & Pad Only complete 
8 /8 /2011 hoary bat 621 17 incidental off plot   complete 

8 /8 /2011 
unidentified bird 
(small) 348 8 carcass search Road & Pad Only feather spot

8 /9 /2011 eastern red bat 180 6 incidental off plot   complete 
8 /9 /2011 eastern red bat 216 73 carcass search Road & Pad Only scavenged 
8 /9 /2011 eastern red bat 408 6 incidental off plot   complete 
8 /9 /2011 eastern red bat 635 2 carcass search Road & Pad Only complete 
8 /9 /2011 hoary bat 398 6 carcass search Road & Pad Only scavenged 
8 /9 /2011 silver-haired bat 420 16 incidental off plot Road & Pad Only scavenged 
8 /10/2011 big brown bat 363 15 incidental off plot   scavenged 
8 /10/2011 big brown bat 635 14 carcass search Road & Pad Only complete 
8 /10/2011 eastern red bat 348 78 carcass search Road & Pad Only complete 
8 /10/2011 eastern red bat 348 52 carcass search Road & Pad Only complete 
8 /10/2011 eastern red bat 363 46 incidental off plot   scavenged 
8 /10/2011 eastern red bat 643 29 incidental off plot   scavenged 
8 /10/2011 eastern red bat 643 9 incidental off plot   scavenged 
8 /11/2011 eastern red bat 081 28 incidental off plot   complete 
8 /11/2011 eastern red bat 216 1 carcass search Road & Pad Only complete 
8 /11/2011 eastern red bat 371 8 carcass search Road & Pad Only complete 
8 /11/2011 eastern red bat 396 16 carcass search Cleared Plot complete 
8 /11/2011 eastern red bat 408 26 incidental off plot   complete 
8 /11/2011 eastern red bat 629 11 incidental off plot   complete 
8 /11/2011 eastern red bat 629 9 incidental off plot   scavenged 
8 /11/2011 hoary bat 423 10 carcass search Road & Pad Only complete 
8 /11/2011 hoary bat 439 4 incidental off plot   complete 
8 /12/2011 eastern red bat 227 16 carcass search Road & Pad Only complete 
8 /12/2011 eastern red bat 439 15 incidental off plot   scavenged 
8 /12/2011 eastern red bat 445 36 carcass search Road & Pad Only scavenged 
8 /12/2011 hoary bat 439 13 incidental off plot   scavenged 
8 /12/2011 red-tailed hawk 103 300 incidental off plot Road & Pad Only partial 
8 /12/2011 tricolored bat 152 12 carcass search Road & Pad Only scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /13/2011 eastern red bat 088 16 carcass search Road & Pad Only complete 
8 /13/2011 eastern red bat 119 4 incidental off plot   scavenged 
8 /13/2011 eastern red bat 286 7 carcass search Road & Pad Only complete 
8 /13/2011 eastern red bat 396 33 carcass search Cleared Plot complete 
8 /13/2011 eastern red bat 637 6 carcass search Road & Pad Only complete 
8 /13/2011 hoary bat 630 38 carcass search Cleared Plot complete 
8 /14/2011 big brown bat 620 5 carcass search Road & Pad Only complete 
8 /14/2011 cliff swallow 419 26 carcass search Road & Pad Only complete 
8 /14/2011 eastern red bat 152 13 carcass search Road & Pad Only scavenged 
8 /14/2011 eastern red bat 334 6 incidental off plot Road & Pad Only complete 
8 /14/2011 eastern red bat 417 11 incidental off plot   complete 
8 /15/2011 eastern red bat 170 29 carcass search Road & Pad Only complete 
8 /15/2011 eastern red bat 216 10 carcass search Road & Pad Only complete 
8 /15/2011 eastern red bat 390 2 carcass search Road & Pad Only complete 
8 /15/2011 eastern red bat 445 1 carcass search Road & Pad Only scavenged 
8 /15/2011 eastern red bat 460 1 carcass search Road & Pad Only complete 
8 /15/2011 eastern red bat 476 2 carcass search Road & Pad Only scavenged 
8 /15/2011 eastern red bat 480 56 carcass search Cleared Plot partial 
8 /15/2011 eastern red bat 628 33 carcass search Cleared Plot complete 
8 /15/2011 killdeer 614 52 carcass search Cleared Plot feather spot
8 /16/2011 hoary bat 048 12 carcass search Cleared Plot scavenged 
8 /17/2011 eastern red bat 017 4 carcass search Road & Pad Only complete 
8 /17/2011 eastern red bat 152 1 carcass search Road & Pad Only scavenged 
8 /17/2011 eastern red bat 196 36 carcass search Road & Pad Only complete 
8 /17/2011 eastern red bat 354 2 carcass search Road & Pad Only complete 
8 /17/2011 eastern red bat 417 2 incidental off plot   scavenged 
8 /17/2011 eastern red bat 420 56 incidental off plot Road & Pad Only scavenged 
8 /17/2011 eastern red bat 425 1 carcass search Road & Pad Only scavenged 
8 /17/2011 eastern red bat 441 7 carcass search Road & Pad Only complete 
8 /17/2011 eastern red bat 445 4 carcass search Road & Pad Only scavenged 
8 /17/2011 eastern red bat 614 55 carcass search Cleared Plot complete 
8 /17/2011 eastern red bat 628 15 carcass search Cleared Plot complete 
8 /17/2011 eastern red bat 628 38 carcass search Cleared Plot scavenged 
8 /17/2011 hoary bat 035 10 carcass search Road & Pad Only complete 
8 /17/2011 hoary bat 630 27 carcass search Cleared Plot scavenged 
8 /17/2011 Seminole bat 628 30 carcass search Cleared Plot complete 
8 /18/2011 eastern red bat 048 60 carcass search Cleared Plot scavenged 
8 /18/2011 eastern red bat 152 7 carcass search Road & Pad Only complete 
8 /18/2011 eastern red bat 218 21 carcass search Cleared Plot scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /18/2011 eastern red bat 221 1 incidental off plot Road & Pad Only complete 
8 /18/2011 eastern red bat 417 17 incidental off plot   complete 
8 /18/2011 eastern red bat 423 1 carcass search Road & Pad Only complete 
8 /18/2011 eastern red bat 448 10 carcass search Road & Pad Only complete 
8 /18/2011 eastern red bat 620 7 carcass search Road & Pad Only complete 
8 /18/2011 eastern red bat 638 17 incidental off plot   scavenged 
8 /18/2011 eastern red bat 638 10 incidental off plot   scavenged 
8 /18/2011 hoary bat 157 22 incidental off plot   scavenged 
8 /18/2011 hoary bat 285 1 carcass search Road & Pad Only complete 
8 /18/2011 silver-haired bat 218 23 carcass search Cleared Plot scavenged 
8 /18/2011 tricolored bat 156 5 carcass search Road & Pad Only complete 
8 /19/2011 big brown bat 464 12 carcass search Road & Pad Only complete 
8 /19/2011 big brown bat 614 26 carcass search Cleared Plot complete 
8 /19/2011 cliff swallow 281 12 incidental off plot Road & Pad Only scavenged 
8 /19/2011 eastern red bat 035 3 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 073 25 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 170 17 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 211 14 incidental off plot   scavenged 
8 /19/2011 eastern red bat 211 10 incidental off plot   scavenged 
8 /19/2011 eastern red bat 222 4 incidental off plot   scavenged 
8 /19/2011 eastern red bat 222 9 incidental off plot   complete 
8 /19/2011 eastern red bat 227 32 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 329 5 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 369 5 carcass search Road & Pad Only scavenged 
8 /19/2011 eastern red bat 396 38 carcass search Cleared Plot complete 
8 /19/2011 eastern red bat 396 46 carcass search Cleared Plot scavenged 
8 /19/2011 eastern red bat 396 57 carcass search Cleared Plot scavenged 
8 /19/2011 eastern red bat 396 55 carcass search Cleared Plot scavenged 
8 /19/2011 eastern red bat 396 27 carcass search Cleared Plot complete 
8 /19/2011 eastern red bat 414 18 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 457 18 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 477 4 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 605 5 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 622 6 carcass search Road & Pad Only complete 
8 /19/2011 eastern red bat 628 15 carcass search Cleared Plot complete 
8 /19/2011 eastern red bat 628 19 carcass search Cleared Plot scavenged 
8 /19/2011 eastern red bat 628 35 carcass search Cleared Plot complete 
8 /19/2011 hoary bat 211 0 incidental off plot   scavenged 
8 /19/2011 hoary bat 254 8 incidental off plot Road & Pad Only scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /19/2011 hoary bat 614 45 carcass search Cleared Plot scavenged 
8 /19/2011 hoary bat 628 45 carcass search Cleared Plot scavenged 
8 /19/2011 killdeer 396 41 carcass search Cleared Plot feather spot

8 /19/2011 
ring-necked 
pheasant 075 230 incidental off plot Road & Pad Only scavenged 

8 /19/2011 tricolored bat 369 14 carcass search Road & Pad Only scavenged 
8 /20/2011 eastern red bat 020 16 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 048 27 carcass search Cleared Plot complete 
8 /20/2011 eastern red bat 095 19 carcass search Cleared Plot scavenged 
8 /20/2011 eastern red bat 095 24 carcass search Cleared Plot scavenged 
8 /20/2011 eastern red bat 101 1 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 110 10 incidental off plot Road & Pad Only scavenged 
8 /20/2011 eastern red bat 218 49 carcass search Cleared Plot scavenged 
8 /20/2011 eastern red bat 218 41 carcass search Cleared Plot scavenged 
8 /20/2011 eastern red bat 226 5 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 241 18 incidental off plot   scavenged 
8 /20/2011 eastern red bat 260 14 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 309 11 incidental off plot Road & Pad Only complete 
8 /20/2011 eastern red bat 322 29 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 322 31 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 354 7 carcass search Road & Pad Only scavenged 
8 /20/2011 eastern red bat 417 42 incidental off plot   scavenged 
8 /20/2011 eastern red bat 420 8 carcass search Road & Pad Only scavenged 
8 /20/2011 eastern red bat 420 18 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 441 6 carcass search Road & Pad Only complete 
8 /20/2011 eastern red bat 458 8 carcass search Road & Pad Only scavenged 
8 /20/2011 eastern red bat 464 20 incidental off plot Road & Pad Only complete 
8 /20/2011 eastern red bat 470 4 incidental off plot   scavenged 
8 /20/2011 European starling 476 22 carcass search Road & Pad Only feather spot
8 /20/2011 hoary bat 322 26 carcass search Road & Pad Only complete 
8 /20/2011 hoary bat 637 11 incidental off plot Road & Pad Only scavenged 
8 /20/2011 Seminole bat 218 20 carcass search Cleared Plot scavenged 
8 /21/2011 eastern red bat 230 36 incidental off plot Road & Pad Only scavenged 
8 /21/2011 eastern red bat 388 40 carcass search Road & Pad Only complete 
8 /21/2011 eastern red bat 628 12 carcass search Cleared Plot scavenged 
8 /22/2011 big brown bat 216 13 carcass search Road & Pad Only complete 
8 /22/2011 big brown bat 254 27 carcass search Road & Pad Only complete 
8 /22/2011 Canada warbler 634 15 carcass search Road & Pad Only complete 
8 /22/2011 eastern red bat 019 19 incidental off plot   complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /22/2011 eastern red bat 057 36 carcass search Road & Pad Only complete 
8 /22/2011 eastern red bat 090 7 carcass search Road & Pad Only complete 
8 /22/2011 eastern red bat 095 14 carcass search Cleared Plot complete 
8 /22/2011 eastern red bat 332 1 carcass search Road & Pad Only complete 
8 /22/2011 eastern red bat 443 43 carcass search Road & Pad Only complete 
8 /22/2011 eastern red bat 480 26 incidental on plot Cleared Plot complete 
8 /22/2011 eastern red bat 641 1 carcass search Road & Pad Only complete 
8 /22/2011 hoary bat 095 18 carcass search Cleared Plot complete 
8 /22/2011 hoary bat 101 23 carcass search Road & Pad Only complete 
8 /22/2011 hoary bat 245 40 carcass search Road & Pad Only complete 
8 /22/2011 hoary bat 407 5 carcass search Road & Pad Only complete 
8 /22/2011 hoary bat 419 5 carcass search Road & Pad Only complete 
8 /22/2011 hoary bat 429 13 carcass search Road & Pad Only complete 
8 /23/2011 eastern red bat 237 29 incidental off plot   scavenged 
8 /23/2011 eastern red bat 460 6 carcass search Road & Pad Only complete 
8 /23/2011 eastern red bat 470 3 incidental off plot   complete 
8 /23/2011 hoary bat 461 2 incidental off plot   scavenged 
8 /23/2011 hoary bat 614 21 carcass search Cleared Plot complete 
8 /23/2011 hoary bat 628 28 carcass search Cleared Plot scavenged 
8 /23/2011 silver-haired bat 237 5 incidental off plot   complete 
8 /24/2011 eastern red bat 121 2 carcass search Road & Pad Only complete 
8 /24/2011 eastern red bat 221 41 carcass search Road & Pad Only complete 
8 /24/2011 hoary bat 024 0 carcass search Cleared Plot scavenged 
8 /24/2011 hoary bat 120 7 incidental off plot   scavenged 
8 /24/2011 hoary bat 625 60 incidental off plot Road & Pad Only scavenged 
8 /24/2011 rock pigeon 218 75 carcass search Cleared Plot feather spot
8 /25/2011 eastern red bat 017 53 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 085 40 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 121 37 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 156 45 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 156 0 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 156 45 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 237 4 incidental off plot   scavenged 
8 /25/2011 eastern red bat 237 44 incidental off plot   scavenged 
8 /25/2011 eastern red bat 309 35 carcass search Road & Pad Only complete 
8 /25/2011 eastern red bat 370 27 incidental off plot   complete 
8 /25/2011 eastern red bat 444 17 carcass search Road & Pad Only scavenged 
8 /25/2011 eastern red bat 480 52 carcass search Cleared Plot scavenged 
8 /25/2011 eastern red bat 623 4 carcass search Road & Pad Only complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /25/2011 eastern red bat 630 34 carcass search Cleared Plot complete 
8 /25/2011 eastern red bat 631 30 carcass search Road & Pad Only complete 
8 /25/2011 mourning dove 614 41 carcass search Cleared Plot feather spot
8 /25/2011 silver-haired bat 097 7 carcass search Road & Pad Only complete 
8 /25/2011 silver-haired bat 237 28 incidental off plot   complete 
8 /25/2011 silver-haired bat 371 6 carcass search Road & Pad Only partial 
8 /25/2011 silver-haired bat 423 6 carcass search Road & Pad Only scavenged 
8 /25/2011 silver-haired bat 444 13 carcass search Road & Pad Only scavenged 
8 /25/2011 silver-haired bat 612 23 carcass search Road & Pad Only complete 
8 /25/2011 silver-haired bat 628 40 carcass search Cleared Plot scavenged 
8 /26/2011 big brown bat 198 1 carcass search Road & Pad Only complete 
8 /26/2011 eastern red bat 024 30 carcass search Cleared Plot complete 
8 /26/2011 eastern red bat 095 43 carcass search Cleared Plot complete 
8 /26/2011 eastern red bat 226 7 carcass search Road & Pad Only complete 
8 /26/2011 eastern red bat 419 25 carcass search Road & Pad Only complete 
8 /26/2011 hoary bat 024 7 carcass search Cleared Plot scavenged 
8 /26/2011 pine warbler 626 14 incidental off plot   scavenged 
8 /26/2011 silver-haired bat 227 6 carcass search Road & Pad Only scavenged 
8 /26/2011 silver-haired bat 626 4 incidental off plot   complete 
8 /27/2011 eastern red bat 369 51 carcass search Road & Pad Only partial 
8 /27/2011 killdeer 630 52 carcass search Cleared Plot feather spot
8 /27/2011 Tennessee warbler 480 5 carcass search Cleared Plot scavenged 
8 /28/2011 chimney swift 218 40 carcass search Cleared Plot scavenged 
8 /28/2011 eastern red bat 024 40 carcass search Cleared Plot partial 
8 /28/2011 eastern red bat 095 74 carcass search Cleared Plot complete 
8 /28/2011 eastern red bat 627 5 carcass search Road & Pad Only complete 
8 /28/2011 hoary bat 254 0 carcass search Road & Pad Only complete 
8 /28/2011 horned lark 095 65 carcass search Cleared Plot scavenged 
8 /28/2011 silver-haired bat 024 30 carcass search Cleared Plot partial 
8 /29/2011 eastern red bat 633 4 incidental off plot   scavenged 
8 /29/2011 silver-haired bat 361 3 incidental off plot   complete 
8 /30/2011 eastern red bat 024 43 carcass search Cleared Plot scavenged 
8 /30/2011 eastern red bat 048 29 carcass search Cleared Plot complete 
8 /30/2011 eastern red bat 048 16 carcass search Cleared Plot scavenged 
8 /30/2011 eastern red bat 095 55 carcass search Cleared Plot complete 
8 /30/2011 eastern red bat 607 36 carcass search Road & Pad Only complete 
8 /31/2011 American robin 614 64 carcass search Cleared Plot feather spot
8 /31/2011 big brown bat 606 8 incidental on plot Road & Pad Only complete 
8 /31/2011 eastern red bat 019 18 incidental off plot   scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
8 /31/2011 eastern red bat 078 1 carcass search Road & Pad Only complete 
8 /31/2011 eastern red bat 087 22 carcass search Road & Pad Only complete 
8 /31/2011 eastern red bat 455 20 carcass search Road & Pad Only complete 
8 /31/2011 eastern red bat 478 34 incidental off plot Road & Pad Only scavenged 
8 /31/2011 hoary bat 419 2 carcass search Road & Pad Only complete 
8 /31/2011 hoary bat 457 6 carcass search Road & Pad Only complete 
8 /31/2011 silver-haired bat 221 18 incidental off plot Road & Pad Only complete 
9 /1 /2011 eastern red bat 095 36 carcass search Cleared Plot scavenged 
9 /1 /2011 eastern red bat 254 1 carcass search Road & Pad Only scavenged 
9 /1 /2011 hoary bat 017 2 carcass search Road & Pad Only partial 
9 /1 /2011 hoary bat 095 46 carcass search Cleared Plot complete 
9 /1 /2011 hoary bat 095 48 carcass search Cleared Plot complete 
9 /1 /2011 silver-haired bat 048 60 carcass search Cleared Plot scavenged 
9 /1 /2011 silver-haired bat 095 45 carcass search Cleared Plot complete 
9 /2 /2011 eastern red bat 028 6 carcass search Road & Pad Only complete 
9 /2 /2011 hoary bat 221 28 carcass search Road & Pad Only complete 
9 /2 /2011 silver-haired bat 612 2 carcass search Road & Pad Only complete 
9 /3 /2011 eastern red bat 011 5 carcass search Road & Pad Only complete 
9 /3 /2011 eastern red bat 371 9 carcass search Road & Pad Only scavenged 
9 /3 /2011 Seminole bat 030 0 carcass search Road & Pad Only complete 
9 /4 /2011 eastern red bat 088 7 incidental off plot Road & Pad Only complete 
9 /4 /2011 eastern red bat 254 3 carcass search Road & Pad Only complete 
9 /4 /2011 eastern red bat 396 7 carcass search Cleared Plot complete 
9 /4 /2011 eastern red bat 396 26 carcass search Cleared Plot complete 
9 /4 /2011 eastern red bat 407 22 carcass search Road & Pad Only scavenged 
9 /4 /2011 eastern red bat 443 0 carcass search Road & Pad Only complete 
9 /4 /2011 eastern red bat 459 3 carcass search Road & Pad Only complete 
9 /4 /2011 hoary bat 371 28 carcass search Road & Pad Only complete 
9 /4 /2011 Tennessee warbler 628 32 carcass search Cleared Plot scavenged 
9 /5 /2011 eastern red bat 081 37 incidental off plot   complete 
9 /5 /2011 eastern red bat 090 30 carcass search Road & Pad Only complete 
9 /5 /2011 eastern red bat 218 71 carcass search Cleared Plot partial 
9 /5 /2011 eastern red bat 339 33 carcass search Road & Pad Only complete 
9 /5 /2011 eastern red bat 370 12 incidental off plot   complete 
9 /5 /2011 eastern red bat 460 16 carcass search Road & Pad Only complete 
9 /5 /2011 eastern red bat 611 46 carcass search Road & Pad Only complete 
9 /5 /2011 eastern red bat 627 33 carcass search Road & Pad Only complete 
9 /5 /2011 hoary bat 007 34 carcass search Road & Pad Only complete 
9 /5 /2011 hoary bat 030 40 carcass search Road & Pad Only complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
9 /5 /2011 hoary bat 156 4 carcass search Road & Pad Only complete 
9 /5 /2011 hoary bat 354 18 carcass search Road & Pad Only complete 
9 /5 /2011 hoary bat 358 47 carcass search Road & Pad Only complete 
9 /5 /2011 hoary bat 407 18 carcass search Road & Pad Only complete 
9 /5 /2011 silver-haired bat 075 40 carcass search Road & Pad Only complete 
9 /5 /2011 silver-haired bat 095 9 carcass search Cleared Plot complete 
9 /5 /2011 silver-haired bat 388 40 carcass search Road & Pad Only complete 
9 /5 /2011 silver-haired bat 609 47 carcass search Road & Pad Only complete 
9 /5 /2011 unidentified warbler 641 12 carcass search Road & Pad Only complete 
9 /6 /2011 eastern red bat 630 4 carcass search Cleared Plot partial 
9 /6 /2011 eastern red bat 630 40 carcass search Cleared Plot complete 
9 /6 /2011 hoary bat 349 8 incidental off plot   scavenged 
9 /6 /2011 hoary bat 628 29 carcass search Cleared Plot scavenged 
9 /7 /2011 eastern red bat 260 46 carcass search Road & Pad Only complete 
9 /7 /2011 hoary bat 024 23 carcass search Cleared Plot scavenged 
9 /7 /2011 hoary bat 240 5 incidental off plot   scavenged 
9 /7 /2011 hoary bat 403 0 incidental off plot   scavenged 
9 /7 /2011 hoary bat 643 2 incidental off plot   complete 
9 /7 /2011 killdeer 024 45 carcass search Cleared Plot feather spot
9 /9 /2011 hoary bat 460 24 carcass search Road & Pad Only complete 
9 /10/2011 eastern red bat 095 27 incidental on plot Cleared Plot scavenged 
9 /10/2011 eastern red bat 109 4 carcass search Road & Pad Only complete 
9 /10/2011 hoary bat 630 8 carcass search Cleared Plot complete 
9 /10/2011 Nashville warbler 267 7 carcass search Road & Pad Only complete 
9 /11/2011 eastern red bat 324 6 carcass search Road & Pad Only complete 
9 /11/2011 hoary bat 371 26 incidental off plot Road & Pad Only scavenged 
9 /11/2011 mourning dove 285 1 carcass search Road & Pad Only complete 
9 /11/2011 silver-haired bat 332 4 carcass search Road & Pad Only complete 
9 /12/2011 eastern red bat 417 17 incidental off plot   complete 
9 /12/2011 hoary bat 224 18 carcass search Road & Pad Only complete 
9 /12/2011 hoary bat 396 6 carcass search Cleared Plot scavenged 
9 /12/2011 hoary bat 480 56 carcass search Cleared Plot scavenged 
9 /12/2011 hoary bat 481 16 carcass search Road & Pad Only complete 
9 /12/2011 hoary bat 481 30 carcass search Road & Pad Only complete 
9 /12/2011 hoary bat 634 8 carcass search Road & Pad Only complete 
9 /12/2011 killdeer 614 37 carcass search Cleared Plot feather spot
9 /12/2011 silver-haired bat 476 9 carcass search Road & Pad Only complete 
9 /13/2011 eastern red bat 048 9 carcass search Cleared Plot scavenged 
9 /13/2011 eastern red bat 048 40 carcass search Cleared Plot complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
9 /13/2011 eastern red bat 226 6 carcass search Road & Pad Only complete 
9 /13/2011 eastern red bat 614 35 incidental on plot Cleared Plot complete 
9 /13/2011 hoary bat 309 27 carcass search Road & Pad Only complete 
9 /13/2011 silver-haired bat 024 28 carcass search Cleared Plot complete 
9 /13/2011 silver-haired bat 024 62 carcass search Cleared Plot complete 
9 /13/2011 silver-haired bat 095 71 carcass search Cleared Plot complete 
9 /14/2011 eastern red bat 458 32 incidental off plot Road & Pad Only complete 
9 /14/2011 eastern red bat 478 1 carcass search Road & Pad Only complete 
9 /14/2011 hoary bat 103 39 carcass search Road & Pad Only complete 
9 /14/2011 hoary bat 216 20 carcass search Road & Pad Only complete 
9 /14/2011 hoary bat 267 8 carcass search Road & Pad Only scavenged 
9 /14/2011 hoary bat 309 49 incidental off plot Road & Pad Only scavenged 
9 /14/2011 hoary bat 324 7 incidental off plot Road & Pad Only complete 
9 /14/2011 hoary bat 388 23 incidental off plot Road & Pad Only complete 
9 /14/2011 hoary bat 396 28 carcass search Cleared Plot partial 
9 /14/2011 mourning dove 396 39 carcass search Cleared Plot feather spot
9 /15/2011 eastern red bat 608 9 incidental off plot   complete 
9 /15/2011 hoary bat 117 5 incidental off plot   scavenged 
9 /15/2011 hoary bat 363 15 incidental off plot   scavenged 
9 /15/2011 red-tailed hawk 117 23 incidental off plot   scavenged 
9 /15/2011 silver-haired bat 098 4 carcass search Road & Pad Only complete 
9 /15/2011 silver-haired bat 400 0 incidental off plot   complete 
9 /15/2011 silver-haired bat 611 28 carcass search Road & Pad Only complete 
9 /16/2011 hoary bat 092 12 carcass search Road & Pad Only complete 
9 /16/2011 hoary bat 614 41 carcass search Cleared Plot scavenged 
9 /16/2011 silver-haired bat 625 10 incidental off plot Road & Pad Only scavenged 
9 /16/2011 unidentified sparrow 286 31 carcass search Road & Pad Only scavenged 
9 /17/2011 hoary bat 095 22 carcass search Cleared Plot scavenged 
9 /17/2011 hoary bat 218 17 carcass search Cleared Plot complete 
9 /17/2011 red-tailed hawk 419 30 carcass search Road & Pad Only partial 
9 /18/2011 hoary bat 033 32 carcass search Road & Pad Only complete 
9 /18/2011 silver-haired bat 193 14 carcass search Road & Pad Only complete 
9 /19/2011 hoary bat 095 40 carcass search Cleared Plot scavenged 
9 /19/2011 hoary bat 245 1 carcass search Road & Pad Only complete 
9 /20/2011 hoary bat 370 26 incidental off plot   complete 
9 /20/2011 hoary bat 614 40 carcass search Cleared Plot scavenged 
9 /20/2011 hoary bat 631 2 carcass search Road & Pad Only complete 
9 /21/2011 eastern red bat 417 5 incidental off plot   scavenged 
9 /21/2011 eastern red bat 448 12 carcass search Road & Pad Only complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
9 /21/2011 hoary bat 286 10 incidental off plot Road & Pad Only scavenged 
9 /21/2011 hoary bat 398 3 carcass search Road & Pad Only scavenged 
9 /21/2011 hoary bat 408 18 incidental off plot   scavenged 
9 /21/2011 hoary bat 428 3 incidental off plot   scavenged 
9 /21/2011 silver-haired bat 110 6 carcass search Road & Pad Only complete 
9 /21/2011 silver-haired bat 314 13 carcass search Road & Pad Only complete 
9 /21/2011 silver-haired bat 375 27 carcass search Road & Pad Only complete 
9 /21/2011 silver-haired bat 411 1 carcass search Road & Pad Only scavenged 
9 /21/2011 silver-haired bat 441 29 carcass search Road & Pad Only complete 
9 /21/2011 silver-haired bat 624 12 incidental off plot   scavenged 
9 /22/2011 eastern red bat 113 10 carcass search Road & Pad Only complete 
9 /22/2011 eastern red bat 216 10 carcass search Road & Pad Only complete 
9 /22/2011 eastern red bat 480 6 carcass search Cleared Plot complete 
9 /22/2011 eastern red bat 625 12 carcass search Road & Pad Only scavenged 
9 /22/2011 hoary bat 037 4 incidental off plot   complete 
9 /22/2011 hoary bat 253 11 carcass search Road & Pad Only complete 
9 /22/2011 hoary bat 359 16 carcass search Road & Pad Only complete 
9 /22/2011 hoary bat 396 69 carcass search Cleared Plot complete 
9 /22/2011 hoary bat 480 29 carcass search Cleared Plot complete 
9 /22/2011 hoary bat 628 19 carcass search Cleared Plot complete 
9 /22/2011 hoary bat 630 43 carcass search Cleared Plot complete 

9 /22/2011 
ruby-throated 
hummingbird 459 44 carcass search Road & Pad Only complete 

9 /22/2011 silver-haired bat 011 2 carcass search Road & Pad Only partial 
9 /22/2011 silver-haired bat 098 8 carcass search Road & Pad Only complete 
9 /22/2011 silver-haired bat 396 77 carcass search Cleared Plot complete 
9 /23/2011 eastern red bat 024 32 carcass search Cleared Plot scavenged 
9 /23/2011 eastern red bat 100 4 incidental off plot   scavenged 
9 /23/2011 eastern red bat 113 13 incidental off plot Road & Pad Only complete 
9 /23/2011 hoary bat 024 41 carcass search Cleared Plot scavenged 
9 /23/2011 hoary bat 048 2 carcass search Cleared Plot complete 
9 /23/2011 hoary bat 048 1 carcass search Cleared Plot complete 
9 /23/2011 hoary bat 218 31 carcass search Cleared Plot complete 
9 /23/2011 hoary bat 417 18 incidental off plot   scavenged 
9 /23/2011 silver-haired bat 024 37 carcass search Cleared Plot scavenged 
9 /23/2011 silver-haired bat 048 32 carcass search Cleared Plot scavenged 
9 /23/2011 silver-haired bat 048 58 carcass search Cleared Plot complete 
9 /23/2011 silver-haired bat 048 44 carcass search Cleared Plot scavenged 
9 /23/2011 silver-haired bat 095 59 carcass search Cleared Plot scavenged 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
9 /23/2011 silver-haired bat 118 5 carcass search Road & Pad Only scavenged 
9 /23/2011 silver-haired bat 617 19 incidental off plot Road & Pad Only scavenged 
9 /24/2011 chimney swift 639 17 carcass search Road & Pad Only complete 
9 /24/2011 eastern red bat 286 17 incidental off plot Road & Pad Only scavenged 
9 /24/2011 eastern red bat 614 15 carcass search Cleared Plot complete 
9 /24/2011 hoary bat 480 5 carcass search Cleared Plot complete 
9 /24/2011 mourning dove 268 15 carcass search Road & Pad Only feather spot
9 /25/2011 eastern red bat 109 5 carcass search Road & Pad Only complete 
9 /27/2011 silver-haired bat 095 4 carcass search Cleared Plot complete 
9 /28/2011 eastern red bat 224 12 carcass search Road & Pad Only complete 
9 /28/2011 eastern red bat 628 33 carcass search Cleared Plot complete 
9 /28/2011 hoary bat 396 7 carcass search Cleared Plot complete 
9 /28/2011 Nashville warbler 637 43 carcass search Road & Pad Only complete 
9 /28/2011 red-eyed vireo 628 49 carcass search Cleared Plot complete 
9 /28/2011 silver-haired bat 031 58 carcass search Road & Pad Only complete 
9 /28/2011 silver-haired bat 286 16 carcass search Road & Pad Only complete 
9 /28/2011 silver-haired bat 614 18 carcass search Cleared Plot complete 
9 /28/2011 silver-haired bat 630 25 carcass search Cleared Plot complete 
9 /29/2011 eastern red bat 643 4 incidental off plot   complete 
9 /29/2011 killdeer 024 37 carcass search Cleared Plot feather spot
9 /29/2011 silver-haired bat 481 0 carcass search Road & Pad Only complete 
9 /30/2011 eastern red bat 614 7 carcass search Cleared Plot complete 
9 /30/2011 silver-haired bat 007 37 carcass search Road & Pad Only complete 
9 /30/2011 silver-haired bat 216 55 carcass search Road & Pad Only complete 
9 /30/2011 Tennessee warbler 031 60 carcass search Road & Pad Only complete 
10/1 /2011 silver-haired bat 616 35 carcass search Road & Pad Only complete 
10/2 /2011 hoary bat 216 9 carcass search Road & Pad Only scavenged 

10/3 /2011 
golden-crowned 
kinglet 323 43 carcass search Road & Pad Only complete 

10/3 /2011 silver-haired bat 048 43 carcass search Cleared Plot scavenged 
10/3 /2011 silver-haired bat 048 32 carcass search Cleared Plot complete 
10/3 /2011 silver-haired bat 464 18 carcass search Road & Pad Only complete 
10/4 /2011 eastern red bat 408 11 incidental off plot   complete 
10/4 /2011 eastern red bat 614 38 carcass search Cleared Plot scavenged 
10/4 /2011 hoary bat 614 38 carcass search Cleared Plot scavenged 
10/4 /2011 hoary bat 630 24 carcass search Cleared Plot complete 
10/4 /2011 silver-haired bat 230 36 carcass search Road & Pad Only complete 
10/4 /2011 silver-haired bat 459 13 carcass search Road & Pad Only scavenged 
10/5 /2011 eastern red bat 024 21 carcass search Cleared Plot complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
10/5 /2011 eastern red bat 251 4 carcass search Road & Pad Only complete 
10/5 /2011 killdeer 621 5 incidental off plot   complete 
10/5 /2011 silver-haired bat 309 12 carcass search Road & Pad Only scavenged 
10/6 /2011 eastern red bat 398 38 carcass search Road & Pad Only complete 
10/6 /2011 eastern red bat 429 5 carcass search Road & Pad Only complete 
10/6 /2011 eastern red bat 629 4 incidental off plot   scavenged 
10/6 /2011 killdeer 477 7 carcass search Road & Pad Only complete 
10/6 /2011 silver-haired bat 608 3 incidental off plot   scavenged 
10/7 /2011 eastern red bat 048 42 carcass search Cleared Plot complete 
10/7 /2011 eastern red bat 218 12 carcass search Cleared Plot scavenged 
10/7 /2011 killdeer 458 8 carcass search Road & Pad Only scavenged 
10/7 /2011 silver-haired bat 048 23 carcass search Cleared Plot scavenged 
10/7 /2011 silver-haired bat 048 65 carcass search Cleared Plot complete 
10/7 /2011 silver-haired bat 061 55 carcass search Road & Pad Only complete 

10/8 /2011 
black-throated 
green warbler 614 4 carcass search Cleared Plot complete 

10/8 /2011 eastern red bat 334 14 carcass search Road & Pad Only complete 
10/8 /2011 eastern red bat 480 37 carcass search Cleared Plot complete 
10/8 /2011 eastern red bat 630 17 incidental on plot Cleared Plot scavenged 
10/8 /2011 silver-haired bat 628 54 carcass search Cleared Plot partial 

10/9 /2011 
golden-crowned 
kinglet 622 21 carcass search Road & Pad Only scavenged 

10/9 /2011 hoary bat 476 14 carcass search Road & Pad Only scavenged 
10/9 /2011 silver-haired bat 024 54 carcass search Cleared Plot complete 
10/9 /2011 silver-haired bat 048 10 carcass search Cleared Plot scavenged 
10/10/2011 evening bat 396 35 carcass search Cleared Plot scavenged 
10/11/2011 eastern red bat 095 69 carcass search Cleared Plot scavenged 
10/11/2011 hoary bat 047 12 carcass search Road & Pad Only complete 
10/11/2011 hoary bat 218 34 carcass search Cleared Plot scavenged 
10/11/2011 hoary bat 226 14 incidental off plot Road & Pad Only scavenged 
10/11/2011 silver-haired bat 024 46 carcass search Cleared Plot scavenged 
10/11/2011 silver-haired bat 218 34 carcass search Cleared Plot scavenged 
10/11/2011 silver-haired bat 218 15 carcass search Cleared Plot complete 
10/11/2011 silver-haired bat 603 9 incidental off plot Road & Pad Only complete 
10/12/2011 silver-haired bat 480 38 carcass search Cleared Plot scavenged 
10/16/2011 hoary bat 419 31 carcass search Road & Pad Only scavenged 
10/18/2011 eastern red bat 430 0 incidental off plot   scavenged 

10/19/2011 
ruby-crowned 
kinglet 635 3 incidental off plot Road & Pad Only complete 



Appendix C. Complete listing of carcasses found during 2011 surveys at the Fowler 
Ridge Wind Farm. 

Date Species Turbine

Distance 
from 

Turbine Type of Find Search Type Condition
10/27/2011 eastern red bat 379 5 incidental off plot Road & Pad Only complete 

 
 
 
  



 
 
 
 
 
 
 
 
 
 
Appendix D. Turbine and Cut-In Speed Treatment for Fresh Carcasses Found at 

the Fowler Ridge Wind Farm During 2011 Surveys. 
  



Appendix D. Turbine and Feathering Treatment for Fresh Carcasses Found at the 
Fowler Ridge Wind Farm During 2011 Surveys. 

Date Species Turbine Brand Feathering Treatment 
7 /16/2011 eastern red bat 429 VESTAS 3.5 Feathered 
7 /19/2011 eastern red bat 116 GE 3.5 Feathered 
7 /20/2011 big brown bat 147 VESTAS 3.5 Normal Operation 
7 /20/2011 eastern red bat 455 VESTAS 3.5 Normal Operation 
7 /20/2011 hoary bat 355 VESTAS 3.5 Normal Operation 
7 /21/2011 eastern red bat 057 GE 4.5 Feathered 
7 /21/2011 eastern red bat 476 VESTAS 3.5 Feathered 
7 /21/2011 eastern red bat 622 CLIPPER 3.5 Feathered 
7 /21/2011 hoary bat 631 CLIPPER 5.5 Feathered 
7 /22/2011 eastern red bat 405 VESTAS 4.5 Feathered 
7 /22/2011 hoary bat 047 GE 3.5 Feathered 
7 /23/2011 hoary bat 156 VESTAS 3.5 Feathered 
7 /23/2011 hoary bat 203 VESTAS 3.5 Feathered 
7 /24/2011 big brown bat 627 CLIPPER 5.5 Feathered 
7 /24/2011 eastern red bat 083 GE 3.5 Normal Operation 
7 /24/2011 eastern red bat 170 VESTAS 4.5 Feathered 
7 /24/2011 eastern red bat 631 CLIPPER 3.5 Normal Operation 
7 /24/2011 hoary bat 355 VESTAS 3.5 Feathered 
7 /25/2011 hoary bat 156 VESTAS 3.5 Normal Operation 
7 /25/2011 hoary bat 248 VESTAS 3.5 Normal Operation 
7 /25/2011 hoary bat 253 VESTAS 3.5 Normal Operation 
7 /27/2011 eastern red bat 028 GE 3.5 Normal Operation 
7 /27/2011 eastern red bat 170 VESTAS 3.5 Feathered 
7 /27/2011 eastern red bat 173 VESTAS 3.5 Feathered 
7 /28/2011 eastern red bat 455 VESTAS 3.5 Normal Operation 
7 /29/2011 eastern red bat 076 GE 3.5 Normal Operation 
7 /30/2011 eastern red bat 605 CLIPPER 3.5 Feathered 
7 /31/2011 big brown bat 152 VESTAS 3.5 Normal Operation 
7 /31/2011 eastern red bat 286 VESTAS 3.5 Normal Operation 
7 /31/2011 eastern red bat 305 VESTAS 3.5 Normal Operation 
7 /31/2011 eastern red bat 477 VESTAS 3.5 Normal Operation 
7 /31/2011 eastern red bat 637 CLIPPER 3.5 Normal Operation 
8 /2 /2011 eastern red bat 020 GE 3.5 Normal Operation 
8 /2 /2011 eastern red bat 443 VESTAS 3.5 Normal Operation 
8 /2 /2011 eastern red bat 606 CLIPPER 3.5 Normal Operation 
8 /2 /2011 hoary bat 642 CLIPPER 3.5 Normal Operation 
8 /3 /2011 eastern red bat 090 GE 5.5 Feathered 
8 /3 /2011 eastern red bat 133 GE 3.5 Normal Operation 
8 /3 /2011 hoary bat 022 GE 3.5 Feathered 
8 /3 /2011 hoary bat 097 GE 4.5 Feathered 
8 /3 /2011 hoary bat 224 VESTAS 3.5 Normal Operation 
8 /4 /2011 eastern red bat 195 VESTAS 3.5 Normal Operation 
8 /4 /2011 eastern red bat 229 VESTAS 4.5 Feathered 
8 /4 /2011 eastern red bat 454 VESTAS 5.5 Feathered 
8 /5 /2011 eastern red bat 441 VESTAS 3.5 Feathered 
8 /5 /2011 eastern red bat 464 VESTAS 4.5 Feathered 
8 /5 /2011 hoary bat 226 VESTAS 3.5 Feathered 
8 /5 /2011 hoary bat 388 VESTAS 3.5 Normal Operation 
8 /5 /2011 hoary bat 464 VESTAS 4.5 Feathered 
8 /6 /2011 big brown bat 459 VESTAS 3.5 Normal Operation 
8 /6 /2011 big brown bat 476 VESTAS 3.5 Normal Operation 
8 /6 /2011 eastern red bat 173 VESTAS 3.5 Normal Operation 



Appendix D. Turbine and Feathering Treatment for Fresh Carcasses Found at the 
Fowler Ridge Wind Farm During 2011 Surveys. 

Date Species Turbine Brand Feathering Treatment 
8 /6 /2011 eastern red bat 221 VESTAS 3.5 Normal Operation 
8 /6 /2011 eastern red bat 314 VESTAS 4.5 Feathered 
8 /6 /2011 eastern red bat 323 VESTAS 3.5 Normal Operation 
8 /6 /2011 eastern red bat 420 VESTAS 3.5 Normal Operation 
8 /6 /2011 eastern red bat 625 CLIPPER 3.5 Feathered 
8 /6 /2011 little brown bat 397 VESTAS 3.5 Feathered 
8 /7 /2011 eastern red bat 425 VESTAS 4.5 Feathered 
8 /7 /2011 eastern red bat 478 VESTAS 3.5 Feathered 
8 /7 /2011 eastern red bat 625 CLIPPER 3.5 Normal Operation 
8 /8 /2011 eastern red bat 334 VESTAS 3.5 Normal Operation 
8 /8 /2011 eastern red bat 390 VESTAS 3.5 Normal Operation 
8 /8 /2011 eastern red bat 405 VESTAS 3.5 Normal Operation 
8 /8 /2011 eastern red bat 609 CLIPPER 3.5 Normal Operation 
8 /8 /2011 hoary bat 378 VESTAS 3.5 Feathered 
8 /8 /2011 hoary bat 459 VESTAS 3.5 Normal Operation 
8 /8 /2011 hoary bat 620 VESTAS 3.5 Normal Operation 
8 /9 /2011 eastern red bat 635 CLIPPER 4.5 Feathered 
8 /9 /2011 hoary bat 398 VESTAS 3.5 Feathered 
8 /10/2011 big brown bat 635 CLIPPER 4.5 Feathered 
8 /10/2011 eastern red bat 348 VESTAS 3.5 Normal Operation 
8 /10/2011 eastern red bat 348 VESTAS 3.5 Normal Operation 
8 /11/2011 eastern red bat 216 VESTAS 3.5 Normal Operation 
8 /11/2011 eastern red bat 371 VESTAS 3.5 Normal Operation 
8 /11/2011 hoary bat 423 VESTAS 3.5 Normal Operation 
8 /12/2011 eastern red bat 227 VESTAS 4.5 Feathered 
8 /12/2011 tricolored bat 152 VESTAS 3.5 Feathered 
8 /13/2011 eastern red bat 088 GE 3.5 Feathered 
8 /13/2011 eastern red bat 286 VESTAS 3.5 Normal Operation 
8 /13/2011 eastern red bat 637 CLIPPER 4.5 Feathered 
8 /14/2011 big brown bat 620 VESTAS 3.5 Normal Operation 
8 /15/2011 eastern red bat 170 VESTAS 5.5 Feathered 
8 /15/2011 eastern red bat 216 VESTAS 3.5 Feathered 
8 /15/2011 eastern red bat 390 VESTAS 3.5 Feathered 
8 /15/2011 eastern red bat 460 VESTAS 3.5 Feathered 
8 /17/2011 eastern red bat 017 GE 3.5 Normal Operation 
8 /17/2011 eastern red bat 196 VESTAS 3.5 Normal Operation 
8 /17/2011 eastern red bat 354 VESTAS 4.5 Feathered 
8 /17/2011 eastern red bat 441 VESTAS 3.5 Normal Operation 
8 /17/2011 eastern red bat 445 VESTAS 3.5 Feathered 
8 /17/2011 hoary bat 035 GE 4.5 Feathered 
8 /18/2011 eastern red bat 152 VESTAS 3.5 Normal Operation 
8 /18/2011 eastern red bat 423 VESTAS 3.5 Normal Operation 
8 /18/2011 eastern red bat 448 VESTAS 3.5 Normal Operation 
8 /18/2011 eastern red bat 620 VESTAS 3.5 Normal Operation 
8 /18/2011 hoary bat 285 VESTAS 3.5 Normal Operation 
8 /18/2011 tricolored bat 156 VESTAS 3.5 Normal Operation 
8 /19/2011 big brown bat 464 VESTAS 3.5 Normal Operation 
8 /19/2011 eastern red bat 035 GE 3.5 Normal Operation 
8 /19/2011 eastern red bat 073 GE 3.5 Feathered 
8 /19/2011 eastern red bat 170 VESTAS 3.5 Normal Operation 
8 /19/2011 eastern red bat 227 VESTAS 3.5 Normal Operation 
8 /19/2011 eastern red bat 329 VESTAS 3.5 Normal Operation 



Appendix D. Turbine and Feathering Treatment for Fresh Carcasses Found at the 
Fowler Ridge Wind Farm During 2011 Surveys. 

Date Species Turbine Brand Feathering Treatment 
8 /19/2011 eastern red bat 369 VESTAS 4.5 Feathered 
8 /19/2011 eastern red bat 414 VESTAS 3.5 Normal Operation 
8 /19/2011 eastern red bat 457 VESTAS 3.5 Feathered 
8 /19/2011 eastern red bat 477 VESTAS 4.5 Feathered 
8 /19/2011 eastern red bat 605 CLIPPER 4.5 Feathered 
8 /19/2011 eastern red bat 622 CLIPPER 3.5 Feathered 
8 /19/2011 tricolored bat 369 VESTAS 4.5 Feathered 
8 /20/2011 eastern red bat 020 GE 4.5 Feathered 
8 /20/2011 eastern red bat 101 GE 3.5 Normal Operation 
8 /20/2011 eastern red bat 226 VESTAS 3.5 Normal Operation 
8 /20/2011 eastern red bat 260 VESTAS 3.5 Feathered 
8 /20/2011 eastern red bat 322 VESTAS 3.5 Feathered 
8 /20/2011 eastern red bat 322 VESTAS 3.5 Feathered 
8 /20/2011 eastern red bat 354 VESTAS 3.5 Normal Operation 
8 /20/2011 eastern red bat 420 VESTAS 3.5 Normal Operation 
8 /20/2011 eastern red bat 441 VESTAS 3.5 Normal Operation 
8 /20/2011 hoary bat 322 VESTAS 3.5 Feathered 
8 /21/2011 eastern red bat 388 VESTAS 3.5 Normal Operation 
8 /22/2011 big brown bat 216 VESTAS 3.5 Feathered 
8 /22/2011 big brown bat 254 VESTAS 3.5 Feathered 
8 /22/2011 eastern red bat 057 GE 3.5 Normal Operation 
8 /22/2011 eastern red bat 090 GE 4.5 Feathered 
8 /22/2011 eastern red bat 332 VESTAS 3.5 Feathered 
8 /22/2011 eastern red bat 443 VESTAS 3.5 Feathered 
8 /22/2011 eastern red bat 641 CLIPPER 3.5 Normal Operation 
8 /22/2011 hoary bat 101 GE 3.5 Feathered 
8 /22/2011 hoary bat 245 VESTAS 5.5 Feathered 
8 /22/2011 hoary bat 407 VESTAS 4.5 Feathered 
8 /22/2011 hoary bat 419 VESTAS 3.5 Normal Operation 
8 /22/2011 hoary bat 429 VESTAS 3.5 Feathered 
8 /23/2011 eastern red bat 460 VESTAS 3.5 Normal Operation 
8 /24/2011 eastern red bat 121 GE 5.5 Feathered 
8 /24/2011 eastern red bat 221 VESTAS 3.5 Normal Operation 
8 /25/2011 eastern red bat 017 GE 4.5 Feathered 
8 /25/2011 eastern red bat 085 GE 3.5 Feathered 
8 /25/2011 eastern red bat 121 GE 3.5 Normal Operation 
8 /25/2011 eastern red bat 156 VESTAS 5.5 Feathered 
8 /25/2011 eastern red bat 156 VESTAS 5.5 Feathered 
8 /25/2011 eastern red bat 156 VESTAS 5.5 Feathered 
8 /25/2011 eastern red bat 309 VESTAS 3.5 Feathered 
8 /25/2011 eastern red bat 444 VESTAS 4.5 Feathered 
8 /25/2011 eastern red bat 623 CLIPPER 3.5 Normal Operation 
8 /25/2011 eastern red bat 631 CLIPPER 5.5 Feathered 
8 /25/2011 silver-haired bat 097 GE 4.5 Feathered 
8 /25/2011 silver-haired bat 371 VESTAS 5.5 Feathered 
8 /25/2011 silver-haired bat 423 VESTAS 3.5 Feathered 
8 /25/2011 silver-haired bat 444 VESTAS 4.5 Feathered 
8 /25/2011 silver-haired bat 612 CLIPPER 3.5 Feathered 
8 /26/2011 big brown bat 198 VESTAS 3.5 Normal Operation 
8 /26/2011 eastern red bat 226 VESTAS 3.5 Normal Operation 
8 /26/2011 eastern red bat 419 VESTAS 3.5 Feathered 
8 /28/2011 eastern red bat 627 CLIPPER 3.5 Normal Operation 



Appendix D. Turbine and Feathering Treatment for Fresh Carcasses Found at the 
Fowler Ridge Wind Farm During 2011 Surveys. 

Date Species Turbine Brand Feathering Treatment 
8 /28/2011 hoary bat 254 VESTAS 5.5 Feathered 
8 /30/2011 eastern red bat 607 CLIPPER 3.5 Normal Operation 
8 /31/2011 big brown bat 606 CLIPPER 4.5 Feathered 
8 /31/2011 eastern red bat 078 GE 3.5 Normal Operation 
8 /31/2011 eastern red bat 087 GE 5.5 Feathered 
8 /31/2011 eastern red bat 455 VESTAS 4.5 Feathered 
8 /31/2011 hoary bat 419 VESTAS 3.5 Normal Operation 
8 /31/2011 hoary bat 457 VESTAS 5.5 Feathered 
9 /1 /2011 hoary bat 017 GE 3.5 Normal Operation 
9 /2 /2011 eastern red bat 028 GE 3.5 Normal Operation 
9 /2 /2011 hoary bat 221 VESTAS 4.5 Feathered 
9 /2 /2011 silver-haired bat 612 CLIPPER 4.5 Feathered 
9 /3 /2011 eastern red bat 011 GE 4.5 Feathered 
9 /3 /2011 Seminole bat 030 GE 3.5 Normal Operation 
9 /4 /2011 eastern red bat 254 VESTAS 3.5 Feathered 
9 /4 /2011 eastern red bat 407 VESTAS 3.5 Normal Operation 
9 /4 /2011 eastern red bat 443 VESTAS 4.5 Feathered 
9 /4 /2011 eastern red bat 459 VESTAS 3.5 Normal Operation 
9 /4 /2011 hoary bat 371 VESTAS 3.5 Feathered 
9 /5 /2011 eastern red bat 090 GE 5.5 Feathered 
9 /5 /2011 eastern red bat 339 VESTAS 3.5 Normal Operation 
9 /5 /2011 eastern red bat 460 VESTAS 5.5 Feathered 
9 /5 /2011 eastern red bat 611 CLIPPER 3.5 Feathered 
9 /5 /2011 eastern red bat 627 CLIPPER 3.5 Normal Operation 
9 /5 /2011 hoary bat 007 GE 5.5 Feathered 
9 /5 /2011 hoary bat 030 GE 4.5 Feathered 
9 /5 /2011 hoary bat 156 VESTAS 5.5 Feathered 
9 /5 /2011 hoary bat 354 VESTAS 3.5 Feathered 
9 /5 /2011 hoary bat 358 VESTAS 5.5 Feathered 
9 /5 /2011 hoary bat 407 VESTAS 3.5 Feathered 
9 /5 /2011 silver-haired bat 075 GE 3.5 Normal Operation 
9 /5 /2011 silver-haired bat 388 VESTAS 4.5 Feathered 
9 /7 /2011 eastern red bat 260 VESTAS 3.5 Normal Operation 
9 /9 /2011 hoary bat 460 VESTAS 4.5 Feathered 
9 /10/2011 eastern red bat 109 GE 3.5 Normal Operation 
9 /11/2011 eastern red bat 324 VESTAS 3.5 Normal Operation 
9 /11/2011 silver-haired bat 332 VESTAS 3.5 Normal Operation 
9 /12/2011 hoary bat 224 VESTAS 3.5 Feathered 
9 /12/2011 hoary bat 481 VESTAS 3.5 Normal Operation 
9 /12/2011 hoary bat 481 VESTAS 3.5 Normal Operation 
9 /12/2011 hoary bat 634 CLIPPER 3.5 Normal Operation 
9 /12/2011 silver-haired bat 476 VESTAS 3.5 Feathered 
9 /13/2011 eastern red bat 226 VESTAS 3.5 Feathered 
9 /13/2011 hoary bat 309 VESTAS 4.5 Feathered 
9 /14/2011 eastern red bat 478 VESTAS 3.5 Normal Operation 
9 /14/2011 hoary bat 103 GE 3.5 Feathered 
9 /14/2011 hoary bat 216 VESTAS 3.5 Feathered 
9 /15/2011 silver-haired bat 098 GE 4.5 Feathered 
9 /15/2011 silver-haired bat 611 CLIPPER 4.5 Feathered 
9 /16/2011 hoary bat 092 GE 5.5 Feathered 
9 /18/2011 hoary bat 033 GE 3.5 Feathered 
9 /18/2011 silver-haired bat 193 VESTAS 3.5 Normal Operation 



Appendix D. Turbine and Feathering Treatment for Fresh Carcasses Found at the 
Fowler Ridge Wind Farm During 2011 Surveys. 

Date Species Turbine Brand Feathering Treatment 
9 /19/2011 hoary bat 245 VESTAS 3.5 Normal Operation 
9 /20/2011 hoary bat 631 CLIPPER 3.5 Feathered 
9 /21/2011 eastern red bat 448 VESTAS 3.5 Normal Operation 
9 /21/2011 silver-haired bat 110 GE 5.5 Feathered 
9 /21/2011 silver-haired bat 314 VESTAS 5.5 Feathered 
9 /21/2011 silver-haired bat 375 VESTAS 4.5 Feathered 
9 /21/2011 silver-haired bat 411 VESTAS 4.5 Feathered 
9 /21/2011 silver-haired bat 441 VESTAS 4.5 Feathered 
9 /22/2011 eastern red bat 113 GE 3.5 Feathered 
9 /22/2011 eastern red bat 216 VESTAS 3.5 Feathered 
9 /22/2011 hoary bat 253 VESTAS 3.5 Normal Operation 
9 /22/2011 hoary bat 359 VESTAS 3.5 Feathered 
9 /22/2011 silver-haired bat 011 GE 3.5 Normal Operation 
9 /22/2011 silver-haired bat 098 GE 3.5 Normal Operation 
9 /25/2011 eastern red bat 109 GE 3.5 Feathered 
9 /28/2011 eastern red bat 224 VESTAS 3.5 Normal Operation 
9 /28/2011 silver-haired bat 031 GE 3.5 Normal Operation 
9 /28/2011 silver-haired bat 286 VESTAS 3.5 Feathered 
9 /29/2011 silver-haired bat 481 VESTAS 3.5 Feathered 
9 /30/2011 silver-haired bat 007 GE 4.5 Feathered 
9 /30/2011 silver-haired bat 216 VESTAS 5.5 Feathered 
10/1 /2011 silver-haired bat 616 CLIPPER 5.5 Feathered 
10/3 /2011 silver-haired bat 464 VESTAS 3.5 Normal Operation 
10/4 /2011 silver-haired bat 230 VESTAS 3.5 Feathered 
10/5 /2011 eastern red bat 251 VESTAS 3.5 Feathered 
10/6 /2011 eastern red bat 398 VESTAS 3.5 Normal Operation 
10/6 /2011 eastern red bat 429 VESTAS 3.5 Feathered 
10/7 /2011 silver-haired bat 061 GE 3.5 Feathered 
10/8 /2011 eastern red bat 334 VESTAS 3.5 Feathered 
10/11/2011 hoary bat 047 GE 3.5 Normal Operation 

 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix E. Adjusted Fatality Estimates Based on Shoenfeld and Empirical PI 
 
 



 
Appendix E. (Table A). Adjusted fatality estimates based on Shoenfeld. 

Spring Weekly Road  
& Pad Searches 

Control Turbines July 15- July 31, 2011 
(80m circular plots - Every other day) 

Fall Control Turbines August 1 - October 15, 2011 
(80m circular plots - Every other day) 

Clipper Vestas GE Clipper Vestas GE Clipper Vestas GE 
90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 

mean ll ul mean ll ul mean ll ul 
mea

n ll ul 
mea

n ll ul 
mea

n ll ul 
mea

n ll ul 
mea

n ll ul 
mea

n ll ul 
Search Area Adjustment 
Bats 7.54 5.30 11.14 7.54 5.30 11.14 7.54 5.30 11.14 1.00 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 
Average Search Interval 
Bats 5.84 -- -- 5.78 -- -- 5.88 -- -- 2.00 -- -- 2.00 -- -- 2.00 -- -- 2.00 -- -- 2.00 -- -- 2.02 -- -- 
Observer Detection 

Bats 0.74 0.52 0.98 0.74 0.52 0.98 0.74 0.52 0.98 0.29 
0.1
7 0.44 0.29

0.1
7 0.44 0.29

0.1
7 0.44 0.29 0.17 0.44 0.29 0.17 0.44 0.29 0.17 0.44 

Average Removal Time 

Bats 15.10 12.23 18.51 15.10 12.23 18.51 15.10 12.23 18.51 
13.0

2 
9.2
0 

18.0
0 

13.0
2 

9.2
0 

18.0
0 

13.0
2 

9.2
0 

18.0
0 

13.0
2 9.20

18.0
0 

13.0
2 9.20 

18.0
0 

13.0
2 9.20 

18.0
0 

Observed Fatality Rates (fatalities/turbine/turbine type/season) 

Bats 0.23 0.05 0.41 0.07 0.02 0.11 0.00 -- -- 1.33 
1.0
0 1.67 1.67

0.6
7 3.00 1.33

1.0
0 1.67

12.6
7 

11.0
0 

14.3
3 

14.6
7 

11.6
7 

17.6
7 

18.3
3 

16.6
7 

20.0
0 

Average Probability of Carcass Availability and Detected 

Bats 0.74 0.63 0.83 0.75 0.63 0.83 0.74 0.63 0.83 0.69 
0.5
0 0.80 0.69

0.5
0 0.80 0.69

0.5
0 0.80 0.69 0.50 0.80 0.69 0.50 0.80 0.69 0.50 0.80 

Adjusted Fatality Estimates (fatalities/turbine/turbine type/season) 

Bats 2.30 0.67 4.93 0.68 0.24 1.37 0.00 -- -- 1.94 
1.3
3 3.00 2.42

0.8
9 4.32 1.94

1.3
1 3.01

18.3
9 

14.6
6 

25.1
8 

21.2
9 

15.0
2 

30.2
0 

26.6
9 

22.1
7 

35.9
3 

Seasonal Adjusted Fatality Rate (fatalities/turbine/season) 
90% Confidence Interval 90% Confidence Interval 90% Confidence Interval 

mean lower limit upper limit mean lower limit upper limit mean lower limit upper limit 
Bats 0.61 0.32 1.06 2.18 1.32 3.26 22.99 19.21 29.35 
Overall Adjusted Fatality Rate (fatalities/turbine/season) 

90% Confidence Interval 
mean lower limit upper limit 

Bats 25.78 22.51 32.37 
  



 
Appendix E. (Table B). Adjusted fatality estimates based on Empirical PI. 

Spring Weekly Road  
& Pad Searches 

Control Turbines July 15- July 31, 2011 
(80m circular plots - Every other day) 

Fall Control Turbines August 1 - October 15, 2011 
(80m circular plots - Every other day) 

Clipper Vestas GE Clipper Vestas GE Clipper Vestas GE 
90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 90% CI 

mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul mean ll ul 
Search Area Adjustment 
Bats 7.54 5.30 11.14 7.54 5.30 11.14 7.54 5.30 11.14 1.00 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 1.00 -- -- 
Observed Fatality Rates (fatalities/turbine/turbine type/season) 
Bats 0.23 0.05 0.41 0.07 0.02 0.11 0.00 -- -- 1.33 1.00 1.67 1.67 0.67 3.00 1.33 1.00 1.67 12.67 11.00 14.33 14.67 11.67 17.67 18.33 16.67 20.00 
Average Probability of Carcass Availability and Detected 
Bats 0.69 0.55 0.83 0.69 0.55 0.83 0.69 0.55 0.83 0.52 0.39 0.64 0.52 0.39 0.64 0.52 0.39 0.64 0.52 0.39 0.64 0.52 0.39 0.64 0.52 0.39 0.64 
Adjusted Fatality Estimates (fatalities/turbine/turbine type/season) 
Bats 2.49 0.55 5.47 0.74 0.26 1.49 0.00 0.00 0.00 2.57 1.70 3.73 3.22 1.03 5.74 2.57 1.70 3.73 24.46 19.17 32.24 28.32 20.14 40.00 35.40 28.00 44.80 
Seasonal Adjusted Fatality Rate (fatalities/turbine/season) 

90% Confidence Interval 90% Confidence Interval 90% Confidence Interval 
mean lower limit upper limit mean lower limit upper limit mean lower limit upper limit 

Bats 0.66 0.32 1.17 2.90 1.57 4.22 30.54 25.40 37.45 
Overall Adjusted Fatality Rate (fatalities/turbine/season) 

90% Confidence Interval 
mean lower limit upper limit 

Bats 34.10 28.64 41.37 
 
 



 
Appendix F. Wind energy facilities in North America with comparable activity and 

fatality data for bats, separated by geographic region. 

Wind Energy Facility 
Bat Activity 
EstimateA 

Bat Activity 
Dates 

Fatality 
EstimateB 

No. of 
Turbines

Total 
MW 

      
Midwest

Cedar Ridge, WI (2009) 10.0 C,E,F  7/16/07-9/30/07 30.61 41 67.6 
Blue Sky Green Field, WI 7.7 F 7/24/07-10/29/07 24.57 88 145 
Cedar Ridge, WI (2010) 10.0 C,E,F 7/16/07-09/30/07 24.12 41 68 
Forward Energy Center, WI 6.97 8/5/08-11/08/08 18.17 86 129 
Top of Iowa, IA (2004) 35.7 5/26/04-9/24/04 10.27 89 80 
Crystal Lake II, IA   7.42 80 200 
Top of Iowa, IA (2003)   7.16 89 80 
Kewaunee County, WI   6.45 31 20.46 
Ripley, Ont. (2008)   4.67 38 76 
Winnebago, IA   4.54 10 20 
Buffalo Ridge, MN (Phase II; 2001/Lake 

Benton I) 
2.2 D 6/15/01-9/15/01 4.35 143 107.25

Buffalo Ridge, MN (Phase III; 2001/Lake 
Benton II) 

2.2 D 6/15/01-9/15/01 3.71 138 103.5 

Crescent Ridge, IL   3.27 33 54.45 
Buffalo Ridge, MN (Phase III; 1999)   2.72 138 103.5 
Buffalo Ridge, MN (Phase II; 1999)   2.59 143 107.25
Morraine II, MN   2.42 33 49.5 
Buffalo Ridge, MN (Phase II; 1998)   2.16 143 107.25
Prairie Winds (Minot), ND   2.13 80 115.5 
Grand Ridge, IL   2.10 66 99 
Buffalo Ridge, MN (Phase III; 2002/Lake 

Benton II) 
1.9 D 6/15/02-9/15/02 1.81 138 103.5 

Buffalo Ridge, MN (Phase II; 2002/Lake 
Benton I) 

1.9 D 6/15/02-9/15/02 1.64 143 107.25

Elm Creek, MN   1.49 67 100 
Wessington Springs, SD   1.48 34 51 
NPPD Ainsworth, NE   1.16 36 20.5 
Buffalo Ridge, MN (Phase I; 1999)   0.74 73 25 
Buffalo Ridge I, SD (2010)   0.16 24 50.4 

Southern Plains
Barton Chapel, TX   3.06 60 120 
Buffalo Gap II, TX   0.14 155 233 
Buffalo Gap I, TX   0.1 67 134 

Southeast 
Buffalo Mountain, TN (2005)   39.70 18 28.98 
Buffalo Mountain, TN (2000-2003) 23.7 E  31.54 3 1.98 



Appendix F. Wind energy facilities in North America with comparable activity and 
fatality data for bats, separated by geographic region. 

Wind Energy Facility 
Bat Activity 
EstimateA 

Bat Activity 
Dates 

Fatality 
EstimateB 

No. of 
Turbines

Total 
MW 

Northeast
Mountaineer, WV 38.3 E 8/1/04-9/14/04 31.69 44 68 
Mount Storm, WV (2009) 30.09 7/15/09-10/7/09 24.32 132 264 
Mount Storm, WV (2010) 44.12 4/18/10-10/15/10 15.18 132 264 
Casselman, PA (Spring & Fall 2008)   12.61 23 34.5 
Maple Ridge, NY (2006)   11.21 120 198 
Maple Ridge, NY (2007)   9.42 195 321.75
Cohocton/Dutch Hill, NY (2009)   8.62 50 125 
Noble Bliss, NY (2008)   7.80 67 100 
Mount Storm, WV (Fall 2008) 35.2  7/20/08-10/12/08 6.62 82 164 
Wolfe Island, Ont (July-December 2009)   6.42 86 197.8 
Maple Ridge, NY (2008)   4.96 195 321.75
Noble Clinton, NY (2009) 1.9 C 8/1/09-09/31/09 4.50 67 100 
Noble Ellenburg, NY (2009) 16.1 C 8/16/09-09/15/09 3.91 54 80 
Noble Bliss, NY (2009)   3.85 67 100 
Lempster, NH (2010)   3.57 12 24 
Noble Ellenburg, NY (2008)   3.46 54 80 
Noble Clinton, NY (2008) 2.1 C 8/8/08-09/31/08 3.14 67 100 
Lempster, NH (2009)   3.11 12 24 
Mars Hill, ME (2007)   2.91 28 42 
Munnsville, NY (2008)   1.93 23 34.5 
Stetson Mountain, ME (2009) 28.5; 0.3G

7/10/09-10/15/09 1.40 38 57 
Mars Hill, ME (2008)   0.45 28 42 

Rocky Mountains
Summerview, Alb. (2008) 7.7 D 07/15/06-07-

09/30/06-07 
11.42 39 70.2 

Judith Gap, MT   8.93 90 135 
Foote Creek Rim, WY (Phase I; 1999)   3.97 69 41.4 
Foote Creek Rim, WY (Phase I; 2001-

2002) 
2.2 D,E 6/15/01-9/1/01 1.57 69 41.4 

Foote Creek Rim, WY (Phase I; 2000) 2.2 D,E 6/15/00-9/1/00 1.05 69 41.4 
Southwest 

Dry Lake, AZ 8.8  4/29/10-11/10/10 4.29 30 63 
California 

Shiloh I, CA   3.92 100 150 
High Winds, CA (2004)   2.51 90 162 
Dillon, CA   2.17 45 45 
High Winds, CA (2005)   1.52 90 162 
Alite, CA   0.24 8 24 



Appendix F. Wind energy facilities in North America with comparable activity and 
fatality data for bats, separated by geographic region. 

Wind Energy Facility 
Bat Activity 
EstimateA 

Bat Activity 
Dates 

Fatality 
EstimateB 

No. of 
Turbines

Total 
MW 

Pacific Northwest
Biglow Canyon, OR (Phase II; 2009/2010)   2.71 65 150 
Nine Canyon, WA   2.47 37 48.1 
Stateline, OR/WA 2003   2.29 454 263 
Biglow Canyon, OR (Phase I; 2008)   1.99 76 125.4 
Leaning Juniper, OR   1.98 67 100.5 
Big Horn, WA   1.90 133 199.5 
Combine Hills, OR   1.88 41 41 
Pebble Springs, OR   1.55 47 98.7 
Hopkins Ridge, WA (2008)   1.39 87 156.6 
Elkhorn, OR (2008)   1.26 61 101 
Vansycle, OR   1.12 38 24.9 
Klondike III, OR   1.11 122 375 
Stateline, OR/WA 2002   1.09 454 263 
Tuolumne (Windy Point I), WA   0.94 62 136.6 
Klondike, OR   0.77 16 24 
Hopkins Ridge, WA (2006)   0.63 83 150 
Biglow Canyon, OR (Phase I; 2009)   0.58 76 125.4 
Hay Canyon, OR   0.53 48 100.8 
Klondike II, OR   0.41 50 75 
Wild Horse, WA   0.39 127 229 
Goodnoe, WA    0.34 47 94 
Marengo II, WA (2009)   0.27 39 70.2 
Marengo I, WA (2009)   0.17 39 70.2 
Klondike IIIa, OR   0.16 125 375 
A = Bat passes per detector-night 
B = Number of fatalities per megawatt per year 
C = Activity rate based on data collected at various heights all other activity rates are from ground-based units only 
D = Activity rate was averaged across phases and/or years 
E = Activity rate calculated by WEST from data presented in referenced report 
F= Activity rate based on pre-construction monitoring; data for all other activity and fatality rates were collected 

concurrently 
G = The overall activity rate of 28.5 is from reference stations located along forest edges which may be attractive to 

bats; the activity rate of 0.3 is from one unit placed on a nacelle 
 
  



 
Appendix F1 (continued). Wind energy facilities in North America with comparable activity and 

fatality data for bats.  
Data from the following sources: 

Project, Location 
Activity 
Reference 

Fatality 
Reference Project, Location 

Activity 
Reference 

Fatality  
Reference 

Alite, CA  Chatfield et al. 2010 Klondike, OR  Johnson et al. 2003 
Barton Chapel, TX  WEST 2011 Klondike II, OR  NWC and WEST 2007 
Big Horn, WA  Kronner et al. 2008 Klondike III, OR  Gritski et al. 2009a 
Biglow Canyon, OR (Phase I; 08)  Jeffrey et al. 2009a Klondike IIIa, OR  Gritski et al. 2009b 
Biglow Canyon, OR (Phase I; 09)  Enk et al. 2010 Leaning Juniper, OR  Kronner et al. 2007 
Biglow Canyon, OR (Phase II; 

09/10) 
 Enk et al. 2011 Lempster, NH (2009)  Tidhar et al. 2010 

Blue Sky Green Field, WI Gruver 2008 Gruver et al. 2009 Lempster, NH (2010)  Tidhar et al. 2011 
Buffalo Gap, TX  Tierney 2007 Maple Ridge, NY (2006)  Jain et al. 2007 
Buffalo Gap II, TX  Tierney 2009 Maple Ridge, NY (2007)  Jain et al. 2008 
Buffalo Mountain, TN (2000-03) Fiedler 2004 Nicholson et al. 2005 Maple Ridge, NY (2008)  Jain et al. 2009c 
Buffalo Mountain, TN (2005)  Fiedler et al. 2007 Marengo I, WA (2009)  URS Corporation 2010b 
Buffalo Ridge, MN (Phase I; 99)  Johnson et al. 2000 Marengo II, WA (2009)  URS Corporation 2010c 
Buffalo Ridge, MN (Phase II; 98)  Johnson et al. 2000 Mars Hill, ME (2007)  Stantec 2008 
Buffalo Ridge, MN (Phase II; 99)  Johnson et al. 2000 Mars Hill, ME (2008)  Stantec 2009a 
Buffalo Ridge, MN (Phase II; 

01/Lake Benton I) 
Johnson et al. 

2004 
Johnson et al. 2004 Moraine II, MN  Derby et al. 2010d 

Buffalo Ridge, MN (Phase II; 
02/Lake Benton I) 

Johnson et al. 
2004 

Johnson et al. 2004 Mount Storm, WV (Fall 
2008) 

Young et al. 
2009b 

Young et al. 2009b 

Buffalo Ridge, MN (Phase III; 99)  Johnson et al. 2000 Mount Storm, WV (2009) Young et al. 
2010a 

Young et al. 2009a, 2010a 

Buffalo Ridge, MN (Phase III; 
01/Lake Benton II) 

Johnson et al. 
2004 

Johnson et al. 2004 Mount Storm, WV (2010) Young et al. 
2010b; 2011 

Young et al. 2010b, 2011 

Buffalo Ridge, MN (Phase III; 
02/Lake Benton II) 

Johnson et al. 
2004 

Johnson et al. 2004 Mountaineer, WV Arnett et al. 
2005b, Arnett 
pers. comm. 

Arnett et al. 2005b 

Buffalo Ridge I, SD (2010)  Derby et al. 2010b Munnsville, NY (2008)  Stantec 2009b 
Casselman, PA (Spring & Fall 

2008) 
 Arnett et al. 2009 Nine Canyon, WA  Erickson et al. 2003 

Cedar Ridge, WI (2009) BHE 
Environmental 
2008 

BHE Environmental 2010 Noble Bliss, NY (2008)  Jain et al. 2009d 

Cedar Ridge, WI (2010) BHE 
Environmental 
2008 

BHE Environmental 2011 Noble Bliss, NY (2009)  Jain et al. 2010a 

Cohocton/Dutch Hill, NY (2009)  Stantec 2010 Noble Clinton, NY (2008) Reynolds 2010a Jain et al. 2009b 
Combine Hills, OR  Young et al. 2006 Noble Clinton, NY (2009) Reynolds 2010a Jain et al. 2010b 
Crescent Ridge, IL  Kerlinger et al. 2007 Noble Ellenburg, NY (2008)  Jain et al. 2009a 
Crystal Lake II, IA  Derby et al. 2010a Noble Ellenburg, NY (2009) Reynolds 2010b Jain et al. 2010c 
Dillon, CA  Chatfield et al. 2009 NPPD Ainsworth, NE  Derby et al. 2007 
Dry Lake, AZ Thompson et al. 

2011 
Thompson et al. 2011 Pebble Springs, OR  Gritski and Kronner 2010b 

Elkhorn, OR (2008)  Jeffrey et al. 2009b Prairie Winds (Minot), ND  Derby et al. 2011 
Elm Creek, MN  Derby et al. 2010c Ripley, Ont (2008)  Jacques Whitford 2009 
Foote Creek Rim, WY (Phase I; 

99) 
 Young et al. 2003 Shiloh I, CA  Kerlinger et al. 2010 

Foote Creek Rim, WY (Phase I; 
00) 

Gruver 2002 Young et al. 2003 Stateline, OR/WA 2002  Erickson et al. 2004 

Foote Creek Rim, WY (Phase I; 
2001-02) 

Gruver 2002 Young et al. 2003 Stateline, OR/WA 2003  Erickson et al. 2004 

Forward Energy Center, WI Watt and Drake 
2011 

Grodsky and Drake 2011 Stetson Mountain, ME 
(2009) 

Stantec 2009c Stantec 2009c 

Goodnoe, WA  URS Corporation 2010a Summerview, Alb (2008) Baerwald 2008 Baerwald 2008 
Grand Ridge, IL  Derby et al. 2010g Top of Iowa, IA (2003)  Jain 2005 
Hay Canyon, OR  Gritski and Kronner 

2010a 
Top of Iowa, IA (2004) Jain 2005 Jain 2005 

High Winds, CA (2004)  Kerlinger et al. 2006 Tuolumne (Windy Point I), 
WA 

 Enz and Bay 2010 

High Winds, CA (2005)  Kerlinger et al. 2006 Vansycle, OR  Erickson et al. 2000 
Hopkins Ridge, WA (2006)  Young et al. 2007 Wessington Springs, SD  Derby et al. 2010f 
Hopkins Ridge, WA (2008)  Young et al. 2009c Wild Horse, WA  Erickson et al. 2008 
Judith Gap, MT  TRC 2008 Winnebago, IA  Derby et al. 2010e 
Kewaunee County, WI  Howe et al. 2002 Wolfe Island, Ont (July-

December 2009) 
 Stantec Ltd. 2010b 

 
 



 
Appendix F2. Bat fatality estimates for North American wind energy facilities. 

Project 
Bat Fatalities 

(bats/MW/year) Predominant Habitat Type Citation 
Alite, CA 0.24 Shrub/scrub & grassland Chatfield et al. 2010 
Barton Chapel, TX 3.06 Agriculture/forest WEST 2011 
Big Horn, WA 1.9 Agriculture/grassland Kronner et al. 2008 
Biglow Canyon, OR (Phase I; 2008) 1.99 Agriculture/grassland Jeffrey et al. 2009a 
Biglow Canyon, OR (Phase I; 2009) 0.58 Agriculture/grassland Enk et al. 2010 
Biglow Canyon, OR (Phase II; 2009/2010) 2.71 Agriculture Enk et al. 2011 
Blue Sky Green Field, WI 24.57 Agriculture Gruver et al. 2009 
Buffalo Gap I, TX 0.1 Grassland Tierney 2007 
Buffalo Gap II, TX 0.14 Forest Tierney 2009 
Buffalo Mountain, TN (2000-2003) 31.54 Forest Nicholson et al. 2005 
Buffalo Mountain, TN (2005) 39.7 Forest Fiedler et al. 2007 
Buffalo Ridge I, SD (2010) 0.16 Agriculture/grassland Johnson et al. 2000 
Buffalo Ridge, MN (Phase I; 1999) 0.74 Agriculture Johnson et al. 2000 
Buffalo Ridge, MN (Phase II; 1998) 2.16 Agriculture Johnson et al. 2000 
Buffalo Ridge, MN (Phase II; 1999) 2.59 Agriculture Johnson et al. 2004 
Buffalo Ridge, MN (Phase II; 2001/Lake Benton I) 4.35 Agriculture Johnson et al. 2004 
Buffalo Ridge, MN (Phase II; 2002/Lake Benton I) 1.64 Agriculture Johnson et al. 2000 
Buffalo Ridge, MN (Phase III; 1999) 2.72 Agriculture Johnson et al. 2004 
Buffalo Ridge, MN (Phase III; 2001/Lake Benton II) 3.71 Agriculture Johnson et al. 2004 
Buffalo Ridge, MN (Phase III; 2002/Lake Benton II) 1.81 Agriculture Derby et al. 2010b 
Casselman, PA (Spring & Fall 2008) 12.61 Forest Arnett et al. 2009 
Cedar Ridge, WI (2009) 30.61 Agriculture BHE Environmental 2010 
Cedar Ridge, WI (2010) 24.12 Agriculture BHE Environmental 2011 
Cohocton/Dutch Hill, NY (2009) 8.62 Agriculture/forest Stantec 2010 
Combine Hills, OR 1.88 Agriculture/grassland Young et al. 2006 
Crescent Ridge, IL 3.27 Agriculture Kerlinger et al. 2007 
Crystal Lake II, IA 7.42 Agriculture Derby et al. 2010a 
Dillon, CA 2.17 Desert Chatfield et al. 2009 
Dry Lake, AZ 4.29 Desert grassland/forested Thompson et al. 2011 
Elkhorn, OR (2008) 1.26 Shrub/scrub Jeffrey et al. 2009b 
Elm Creek, MN 1.49 Agriculture Derby et al. 2010c 
Foote Creek Rim, WY (Phase I; 1999) 3.97 Grassland Young et al. 2003 
Foote Creek Rim, WY (Phase I; 2000) 1.05 Grassland Young et al. 2003 
Foote Creek Rim, WY (Phase I; 2001-2002) 1.57 Grassland Young et al. 2003 
Forward Energy Center, WI 18.17 Agriculture Grodsky and Drake 2011 
Goodnoe, WA  0.34 Grassland and shrub-steppe URS Corporation 2010a 



Appendix F2. Bat fatality estimates for North American wind energy facilities. 

Project 
Bat Fatalities 

(bats/MW/year) Predominant Habitat Type Citation 
Grand Ridge, IL 2.1 Agriculture Derby et al. 2010g 
Hay Canyon, OR 0.53 Agriculture Gritski and Kronner 2010a 
High Winds, CA (2004) 2.51 Agriculture/grassland Kerlinger et al. 2006 
High Winds, CA (2005) 1.52 Agriculture/grassland Kerlinger et al. 2006 
Hopkins Ridge, WA (2006) 0.63 Agriculture/grassland Young et al. 2007 
Hopkins Ridge, WA (2008) 1.39 Agriculture/grassland Young et al. 2009c 
Judith Gap, MT (2006/2007) 8.93 Agriculture/grassland TRC 2008 
Kewaunee County, WI 6.45 Agriculture Howe et al. 2002 
Klondike II, OR 0.41 Agriculture/grassland Johnson et al. 2003 
Klondike III, OR 1.11 Agriculture/grassland NWC and WEST 2007 
Klondike IIIa, OR 0.16 Grassland/shrub-steppe and agriculture Gritski et al. 2009a 
Klondike, OR 0.77 Agriculture/grassland Gritski et al. 2009b 
Leaning Juniper, OR 1.98 Agriculture Kronner et al. 2007 
Lempster, NH (2009) 3.08 Grasslands & rocky embankments Tidhar et al. 2010 
Lempster, NH (2010) 3.57 Grasslands & rocky embankments Tidhar et al. 2011 
Maple Ridge, NY (2006) 11.21 Agriculture/forested Jain et al. 2007 
Maple Ridge, NY (2007) 9.42 Agriculture/forested Jain et al. 2008 
Maple Ridge, NY (2008) 4.96 Agriculture/forested Jain et al. 2009c 
Marengo I, WA (2009) 0.17 Agriculture URS Corporation 2010b 
Marengo II, WA (2009) 0.27 Agriculture URS Corporation 2010c 
Mars Hill, ME (2007) 2.91 Forest Stantec 2008 
Mars Hill, ME (2008) 0.45 Forest Stantec 2009a 
Moraine II, MN 2.42 Agriculture/grassland Derby et al. 2010d 
Mount Storm, WV (2009) 24.32 Forest Young et al. 2009b 
Mount Storm, WV (2010) 15.18 Forest Young et al. 2009a, 2010a 
Mount Storm, WV (Fall 2008) 6.62 Forest Young et al. 2010b, 2011 
Mountaineer, WV 31.69 Forest Arnett et al. 2005 
Munnsville, NY (2008) 1.93 Agriculture/forest Stantec 2009b 
Nine Canyon, WA 2.47 Agriculture/grassland Erickson et al. 2003 
Noble Bliss, NY (2008) 7.8 Agriculture/forest Jain et al. 2009d 
Noble Bliss, NY (2009) 3.85 Agriculture/forest Jain et al. 2010a 
Noble Clinton, NY (2008) 3.14 Agriculture/forest Jain et al. 2009b 
Noble Clinton, NY (2009) 4.5 Agriculture/forest Jain et al. 2010b 
Noble Ellenburg, NY (2008) 3.46 Agriculture/forest Jain et al. 2009a 
Noble Ellenburg, NY (2009) 3.91 Agriculture/forest Jain et al. 2010c 
NPPD Ainsworth, NE 1.16 Agriculture/grassland Derby et al. 2007 



Appendix F2. Bat fatality estimates for North American wind energy facilities. 

Project 
Bat Fatalities 

(bats/MW/year) Predominant Habitat Type Citation 
Pebble Springs, OR 1.55 Grassland Gritski and Kronner 2010b 
Prairie Winds (Minot), ND 2.13 Agriculture Derby et al. 2011 
Ripley, Ont (2008) 4.67 Agriculture Jacques Whitford 2009 
Shiloh I, CA 3.92 Agriculture/grassland Kerlinger et al. 2010 
Stateline, OR/WA 2002 1.09 Agriculture/grassland Erickson et al. 2004 
Stateline, OR/WA 2003 2.29 Agriculture/grassland Erickson et al. 2004 
Stetson Mountain, ME (2009) 1.4 Forest Stantec 2009c 
Summerview, Alb (2006)  Agriculture Brown and Hamilton 2006b
Summerview, Alb (2008) 11.42 Agriculture/grassland Baerwald 2008 
Top of Iowa, IA (2003) 7.16 Agriculture Jain 2005 
Top of Iowa, IA (2004) 10.27 Agriculture Jain 2005 
Tuolumne (Windy Point I), WA 0.94 Grassland/shrub-steppe, agriculture and 

forest Enz and Bay 2010 

Vansycle, OR 1.12 Agriculture/grassland Erickson et al. 2000 
Wessington Springs, SD 1.48 Grassland Derby et al. 2010f 
Wild Horse, WA 0.39 Grassland Erickson et al. 2008 
Winnebago, IA 4.54 Agriculture/grassland Derby et al. 2010e 
Wolfe Island, Ont (July-December 2009) 6.42 Grassland Stantec Ltd. 2010b 
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Falling Outside 80m X 80m Plots In 2010 

  



Appendix B - Methodology for Calculating Adjustment Factor 
for Carcasses Found Outside Of 80 X 80-M Square Plots 
 

Casualty estimates from the 2010 fatality study at FRWF were based on searches with 80 m x 
80 m square cleared search plots. To account for bat fatalities that might have occurred outside 
the 80 m x 80 m square plots, the bat mortality estimate was revised based on data from 80 m-
radius cleared circular plots monitored at FRWF in 2011. To adjust the data collected in 80 m x 
80 m square plots at FRWF in 2010, it was necessary to account for portions of each distance 
band beyond 40 m that were searched. When 80 m square plots are searched, the corners of 
the plots are more than 50m away from the turbine, while the sides of the plots are exactly 40 m 
from the turbine (Figure 4.1). Thus, there was a small proportion of the area beyond 40 m from 
the turbine that was searched: 42.2% of areas within 40 to 50m from the turbine were searched 
and 3.9% of areas 50 to 60m from the turbine were searched.  

 

  
 

Figure 4.1 Diagram of search areas included in 80 m X 80 m square plots used for mortality monitoring in 
2010 at the FRWF. 

 
  



Of the 151 fatalities found on cleared plots in 2011, 70.86% were found within 40 m of the 
turbine, an additional 12.58% of fatalities were found within 50 m of turbines, and 10.60% more 
were found within 60 m of turbines. The percentage of fatalities found within 80 m x 80 m plots 
was estimated by averaging the percentage of fatalities that occurred in each distance band, 
weighted by the proportion of each distance band searched in the 80m x 80m plots (percentage 
within 80 m x 80 m plot = 1(70.86) + 0.42(12.58) + 0.04(10.60) = 76.6%)1

 

. This resulted in an 
estimate of approximately 23.4% of fatalities that were likely to have fallen beyond the 80 m x 
80 m search plots in 2010.  

                                                      
1 Percentage of fatalities falling within the search plot = (proportion of area searched within 40 m of the turbine in 
2010 x the percentage of fatalities found within 40 m of the turbine in 2011) + (proportion of area searched 
between 40 m – 50 m from the turbine in 2010 x percentage of fatalities found between 40 m – 50 m from the 
turbine in 2011) + (proportion of area searched between 50 m – 60 m from the turbine in 2010 x percentage of 
fatalities found between 50 m – 60 m from the turbine in 2011).  
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Bloomington	Field	Office	Draft	Indiana	Bat	(Myotis	sodalis)	Mitigation	Guidance		
for	Wind	Energy	Habitat	Conservation	Plans	

	
Draft	Impact	of	Take	Calculation	for	Migratory	Indiana	Bats	at	Wind	Energy	Facilities	

 
A.	3:1	ratio	of	females	to	males	(migratory	bats)	is	supported	

	 1.	More	females	will	be	in	the	population	further	from	a	hibernaculum	

	 2.	Bats	migrating	in	fall	likely	75%	female	based	on	a	1:1	sex	ratio	(and	1.	above)1	

B.	Impact	on	Colony	Analysis2	

	 1.	Addresses	impact	to	colony	–	taken	bats	and	offspring	plus	habitat		

	 2.	Requires	key	assumptions	

	 	 a)	Summer	habitat	of	lost	bat	remains	functional	on	landscape	

	 	 b)	Colony	persists	with	additional	loss	from	wind	energy	take	

	 	 c)	Taken	bat	is	reproductively	active	adult	female	

	 	 d)	Taken	bat	is	from	stable	colony	with	saturated	summer	habitat	

	 	 e)	Available	non‐reproductive	females	will	occupy	vacant	summer		 	 	 	
	 	 habitat	within	two	years		

3.	Year	1	(0.913	survival	x	0.604	fecundity)	offspring	+	Year	2	(0.91	survival	x	0.60	fecundity)	
offspring	=	1.1	lost	bats	for	every	lost	female		

	 4.	Mitigation	debt	=	X5	total	lost	bats	+	X6	lost	pups	(based	on	lost		 	 	
	 females	only	using	3:1	ratio)	=	impact	of	take	 	 	 	

	

	

                                                            
1	Bats	leaving	maternity	colonies	will	be	mostly	adult	females	with	pups	having	a	1:1	male‐female	ratio.	
2	This	analysis	incorporates	the	concept	that	wind	energy	facilities	take	bats	and	not	habitat	and	that	habitat’s	function	is	
interrupted	but	not	eliminated	and	therefore	remains	important	to	the	colony	–	requires	key	assumptions.	
3	Thogmartin,	et.	al	paper	“stationarity”	model	fitting	to	a	stationary	population	in	the	last	20	years	uses	0.96	as	adult	winter	
survival	and	0.95	as	adult	summer	survival	resulting	0.91	adult	survival	from	take	in	the	fall	to	lost	opportunity	for	
reproduction	the	following	summer.	
4	Probability	from	“stationarity”	demographic	model	of	adult	propensity	to	breed	(0.78)	multiplied	by	breeding	success	(0.77).	
The	simplifying	assumption	of	adults	only	limits	assumptions	in	the	numbers.	
5	This	number	will	come	from	the	estimate	of	take. 
6 This number uses the estimate of take and the formula in B.3. 
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Mitigation	Framework	for	Impacts	to	Bats	from	Wind	Energy	Facilities	

Mitigation	for	the	impact	of	taking	of	Indiana	bats	associated	with	wind	energy	development	projects	in	
Indiana	is	divided	into	two	categories:	summer	habitat	(maternity	colony)	mitigation,	and	non‐summer	
habitat	(hibernaculum	gating	and	staging/swarming)	mitigation.		Because	of	the	Indiana	bat’s	complex	
life‐cycle	and	the	importance	of	both	summer	and	non‐summer	habitat	to	this	species,	and	because	of	the	
uncertainty	inherent	in	both	types	of	mitigation,	the	BFO	will	require	that	an	applicant	complete	both	
summer	and	non‐summer	habitat	mitigation	to	fully	compensate	for	the	impact	of	the	taking.		At	this	
point	in	time,	maternity	colony,	hibernaculum	gating,	and	staging/swarming	are	the	mitigation	options	
that	the	BFO	has	confidence	will	fully	compensate	for	the	impact	of	the	taking	from	wind	energy	
development	projects	in	Indiana.		Applicants	are	encouraged	to	bring	other	options	to	the	BFO	for	
discussion	and	evaluation.		White	Nose	Syndrome	(WNS),	which	seems	likely	to	change	the	demographics	
of	Indiana	bats	and	other	bats	in	Indiana	over	the	next	few	years	will	require	new	and	creative	mitigation	
solutions.		One	aspect	of	this	may	be	the	need	to	delay	some	of	an	applicant’s	required	mitigation	until	we	
understand	the	impact	of	WNS.		Nevertheless,	the	applicant	will	be	required	to	implement	some	
mitigation,	typically	enough	to	stay	two	to	three	years	ahead	of	the	estimated	take,	early	in	a	project’s	life.		

I.	Summer	Habitat	Mitigation	

A.	60‐acre	summer	habitat	baseline	per	female		

1.	Data	indicate	that	60	acres	supports	1	female	Indiana	bat	(i.e.,	if	60	acres	of	habitat	is	added,	the	
colony	can	support	one	additional	adult	female	each	reproductive	season).7	

2.	The	reproductive	potential	of	the	added	female	=	0.55	pup	/	year	(note	the	60	acres	does	not	
guarantee	reproductive	habitat	for	any	of	these	(female)	pups.8	

3.	One	female	bat	will	occupy	the	sixty	acres	each	year	and	produce	0.55	pup	each	year	(note	we	
can’t	say	anything	about	future	generations	in	part	because	there	may	not	be	habitat	for	those	
pups)	–one	female	will	be	provided	with	reproductive	habitat	(the	60	acres)	and	therefore	she	will	
produce	offspring	‐	60	acres	=	39	bats	=	1	adult	/	year	+	0.55	pups	/	year	for	25	years).		

B.		Duration	of	the	mitigation	benefit	

1.	Benefit	(1.55	bats	/	60	acres	baseline)	accrues	every	year	that	the	colony	persists	and	the	
habitat	is	extant.		Since	bats	have	high	site	fidelity	and	colonies	are	known	to	persist	under	less	
than	ideal	conditions,	the	Service	assumes	that	the	benefits	of	habitat	restoration	will	accrue	for	
25	years.9	Compliance	monitoring	of	the	habitat	and	periodic	monitoring	to	demonstrate	that	the	
colony	persists	must	occur	over	the	life	of	the	project.			

                                                            
7	This	includes	the	simplifying	assumption	that	individual	female	home	ranges	do	not	overlap.	
8	The	estimates	used	in	this	calculation	follow	those	of	the	USGS/FWS	model	for	a	stable	Indiana	bat	population	over	the	last	
two	decades.		This	“stationarity”	baseline	for	estimating	parameters	in	the	model	is	supported	by	biennial	winter	survey	data	
over	the	same	period.	The	parameters	with	their	estimates	include:	adult	winter	survival	(0.96);	adult	summer	survival	(0.95);	
adult	propensity	to	breed	(0.78);	and	adult	breeding	success	(0.77).	We	assume	that	based	on	the	estimates	above,	there	is	a	
high	probability	(0.55)	that	a	female	bat	survives	both	the	winter	and	summer	and	produces	one	pup	during	the	breeding	
period.			
9	Indiana	bats	exhibit	very	strong	fidelity	to	maternity	colony	sites.		Although	we	knew	virtually	nothing	of	the	reproductive	
ecology	of	Indiana	bats	before	the	1970s,	we	now	have	documentation	of	maternity	colonies	inhabiting	the	same	area	for	more	
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C.	Prerequisite	conditions	for	summer	habitat	mitigation	credit	

1.	A	summer	habitat	mitigation	plan	(SHMP)outlining	what	is	proposed,	how	the	various	
components	score	(see	below),	where	the	mitigation	will	take	place,	and	other	relevant	
information	will	be	provided	for	the	Service’s	review	and	approval	at	least	6	weeks	prior	to	
committing	resources	on	the	ground	(e.g.,	planting	trees,	acquiring	easements,	etc.)		No	mitigation	
value	is	applied	to	an	SHMP;	rather	it	is	a	required	first	step	in	developing	a	summer	habitat	
mitigation	project.		

2.	All	restoration/protection	must	be	directed	to	existing	maternity	colonies	and	must	meet	the	
following	requirements.	10	

	 	 a)	Within	the	home	range	of	a	known	maternity	colony	(for	BFO	this	is	an		 	 	
	 	 area	of	about	12.6	square	miles	or	8,064	acres	per	maternity	colony)11	

	 	 b)	Within	Indiana	counties	that	are	30%	or	less	forested12	

	 	 c)	Within	the	8‐digit	hydrologic	unit	code	(HUC)	where	practical13	

3.	Summer	habitat	mitigation	will	occur	in	60‐acre	habitat	blocks	and	a	single	60‐acre	block	
cannot	be	“broken‐up”	across	multiple	maternity	colony	sites,	but	can	be	“broken‐up”	within	a	
single	maternity	colony	provided	all	other	requirements	are	met	for	each	parcel	

	 	 a)	1	–	39	bats	=	60‐acre	baseline	(must	occur	within	1	maternity	colony)	

	 	 b)	40	–	78	bats	=	120‐acre	baseline	(could	occur	within	2	maternity	colonies)	

	 	 c)	79	–	117	bats	=	180‐acre	baseline	(could	occur	with	3	maternity	colonies)	

4.		All	mitigation	(protection	and	restoration)	must	be	protected	in	fee	title,	by	restrictive	
easement,	or	a	similar	mechanism	that	protects	the	integrity	and	function	of	the	mitigation	site(s)	
for	Indiana	bats	in	perpetuity.	

5.	Publicly	owned	land	is	not	considered	viable	summer	habitat	mitigation	except	in	exceptional	
cases.14		The	Service	will	consider	these	on	an	individual	basis.	

	 6.	Summer	habitat	mitigation	cannot	mitigate	for	100%	of	the	impact	of	the	taking.	

D.	Baseline	mitigation	scoring	based	on	key	factors	of	Indiana	bat	habitat	mitigation	‐	the	factors	below	
affect	the	baseline	value.	

1.	A	score	approaching	100	equates	to	baseline	(60	acres	=	39	bats)	and	lower	scores	require	
additional	mitigation	acres	to	reach	the	baseline	number	(39)	of	bats	mitigated.	

	 	 a)	Score	of	86	‐	100	=	60	acres;		

                                                                                                                                                                                                                             
than	20	years	when	the	habitat	remains	suitable.		Therefore	we	think	it	is	reasonable	to	conclude	that	colonies	where	
mitigation	occurs	would	persist	for	a	minimum	of	25	years.	
10	A	list	of	acceptable	maternity	colony	mitigation	sites	will	be	provided	by	the	Service.	
11	This	represents	a	2.0	mile	radius	circle	in	place	of	the	more	common	2.5	mile	radius	circle.	
12	U.S.	Forest	Service.	2011.	Indiana’s	Forests,	Research	Bulletin	NRS‐45.	U.S.	Forest	Service,	Newton	Square,	PA.	
13	See	http://nwis.waterdata.usgs.gov/tutorial/huc_def.html	
14	Publically	owned	land	often	has	suitable	protection	and	management.	
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	 	 b)	Score	of	71	‐	85	=	65	acres;		

	 	 c)	Score	of	56	‐	70	=	70	acres;		

	 	 d)	Score	<56	‐	project	is	not	viable	

E.	Factors	considered	in	valuing	baseline	mitigation	and	scores		

1.	Existing	Summer	Habitat	Threat	–	immediate	threat	to	existing	summer	habitat	is	intended	to	
address	those	existing	forested	areas	that	are	likely	to	be	destroyed	or	significantly	compromised	
in	the	near	future	(e.g.,	a	site	is	zoned	or	otherwise	designated	for	development,	development	has	
occurred	consistently	in	the	direction	of	the	habitat	and	development	is	likely	to	occur	in	the	next	
10	years).	The	Service	will	review	documentation	of	threat	on	a	case	by	case	basis.	

	 	 a)	Demonstrable	threat	score	=	10	points	

	 	 b)	No	immediate	threat	score	=	5	points	

	 	 c)	No	existing	habitat	protected	=	0	points	

2.	Restoration	of	Habitat	–	must	also	include	protection	(fee	simple,	easement,	or	other	method	
agreed	upon	by	the	applicant	and	the	Service)	and	can	only	be	used	to		enhance	travel	corridors	or	
enlarge	existing	blocks	of	habitat	(restoration	of	stand‐alone	forest	blocks	is	not	accepted).	

	 	 a)	Project	is	restoration	=	10	points	

	 	 b)	Project	is	not	restoration	=	0	points	

3.	Forest	Cover	–	generally	more	benefit	to	Indiana	bats	is	achieved	by	implementing	mitigation	
within	home	ranges	of	maternity	colonies	where	there	is	lower	forest	cover.15	

	 	 a)	<10%	forest	cover	=	25	points	

	 	 b)	10	‐	19.9%	forest	cover	=	20	points	

	 	 c)	20	‐	29.9%	forest	cover	=	15	points	

	 	 d)	30	‐	39.9%	forest	cover	=	10	points	

	 	 e)	≥40%	forest	cover	=	5	points	

4.	Forest	blocks	–	many	existing	forested	blocks	within	maternity	colony	home	ranges	are	small	–	
there	is	benefit	in	both	protecting	the	larger	existing	blocks	and	restoring	habitat	adjacent	to	the	
smaller	blocks	to	increase	their	size.	

	 	 a)	Protect	largest	existing	forest	blocks	

	 	 	 i.	>20	acres	=	10	points	

				 	 	 ii.	5	‐	20	acres=	5	points	

                                                            
15	This	will	typically	require	a	straightforward	GIS	analysis	using	a	2	mile	radius	circle	encompassing	the	center	of	the	home	
range	and	calculating	the	forest	cover	(based	on	USGS	or	other	acceptable	data)	within	that	2	mile	radius	circle.	
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	 	 	 iii.	<5	acres	=	0	points	

b)	Restore	contiguous	non‐forested	land	to	increase	the	size	of	smaller	existing	forested	
blocks	

	 	 	 i.	>20	acres	=	10	points		

				 	 	 ii.	10	‐	20	acres=	5	points		

	 	 	 iii.	<10	acres	=	0	points	

5.	Decreased	Fragmentation	–	decreasing	fragmentation	increases	the	effective	size	of	the	
remaining	forest	–	this	can	be	achieved	by	providing	travel	corridors	to	connect	existing	forested	
blocks	that	are	more	than	1,000	feet	apart	(existing	blocks	less	than	1,000	feet	apart	are	not	
accepted).16			

	 	 a)	Restoration	of	riparian	connections	between	existing	forested	blocks	of	at	least		 	
	 	 10	acres	=	25	points17		

	 	 b)	Restoration	of	non‐riparian	connections	between	existing	forested	blocks	of	at	least		
	 	 10	acres	=	20	points	

	 	 c)	No	restoration	of	travel	corridors	=	0	points	

6.	Known	Roosting	Habitat	‐	restoration	or	protection	to	enhance	known	roosting	habitat	is	
important	to	Indiana	bats,	but	this	may	or	may	not	be	easily	determined	from	available	data	or	
even	data	collected	as	part	of	the	SHMP.	

	 	 a)	Habitat	restoration	or	protection	that	includes	a	primary	roost	=	10	points	

	 	 b)	Habitat	restoration	or	protection	that	includes	an	alternate	roost	=	5	points	

	 	 c)	Habitat	restoration	or	protection	includes	no	roost	or	the	status	is	unknown	=	0	points	

F.		Requirements	for	protection	of	existing	habitat	

1.	Roosting	or	foraging	habitat	protection	must	occur	in	block	sizes	of	5	acres	or	larger	but	stand‐
alone	forest	blocks	must	be	a	minimum	of	20	acres	(e.g.,	protection	of	a	minimum	of	5	acres	of	
occupied	forest	within	a	block	at	least		20	acres	would	be	acceptable).	

2.	Corridors	must	include	protection	of	a	minimum	of	5	acres	of	the	occupied	habitat	and	a	
minimum	of	20	acres	of	the	terminus	of	the	corridor	(note	the	terminus	could	be	20	acres	of	
extant	habitat	or	habitat	restored	as	part	of	the	mitigation),	and	terminus	must	be	at	least	1,000	
feet	from	occupied	habitat.	

3.	Should	typically	focus	on	maternity	colonies	with	higher	percentage	of	forest	cover	or	imminent	
level	of	threat.	

                                                            
16	Typically	wider	corridors	(up	to	a	point	where	there	are	diminishing	returns)	are	better;	25	–	50	feet	may	be	a	useful	metric.	
Narrower	corridors	can	also	function,	but	would	typically	have	to	be	at	least	2‐3	tree	rows	wide.	
17	Note	that	corridors	must	be	protected	and	many	riparian	zones	in	Indiana	have	existing	drainage	easements.	
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4.	Compliance	monitoring	for	protection	of	existing	habitat	will	include:	

a)	Initial	confirmation	that	the	habitat	slated	for	protection	is	suitable		based	on	Service	
guidelines	for	either	foraging	or	roosting	habitat.	

b)	Monitoring	every	2	years	from	aerial	photos	(or	a	report	from	the	land	managing	
agency)	confirming	that	the	mitigation	requirements	are	being	met.	

G.	Requirements	for	restoration	of	habitat18	

1.	Must	occur	within	Indiana	counties	that	are	30%	or	less	forested.19	

2.	Should	occur	within	the	same	8‐digit	hydrologic	unit	code	(HUC)	as	the	wind	facility,	where	
practical.20	

3.	Must	be	used	to:	enlarge	existing	blocks	of	habitat	(completed	blocks	greater	than	20	acres	are	
preferable);	or	create	or	enhance	travel	corridors	and	their	termini	–	corridors	must	go	from	
occupied	habitat	to	existing	or	restored	sites	of	at	least	20	acres.	Terminus	sites	must	be	greater	
than	1,000	feet	from	the	occupied	habitat,	and	the	protected	corridor	must	be	a	minimum	of	three	
trees	wide	(30	feet).		A	minimum	of	5	acres	at	the	occupied	terminus	and	20	acres	at	the	restored	
unoccupied	terminus	along	with	the	corridor	must	be	permanently	protected.	

4.	Must	include	each	of	three	categories	of	trees:	softwoods,	hardwoods,	and	cottonwood	(Populus	
deltoides)	‐	the	percentage	of	each	category	can	be	determined	by	the	individual	restoration	goals	
and	the	site,	but	no	component	can	equal	zero.	

5.	Must	use	trees	native	to	the	restoration	site	and	where	practical,	locally	adapted.	

6.	Must	use	seedlings	with	a	minimum	planting	density	of	544	trees	per	acre	(8	x	10)	spacing.	

7.	Should	focus	on	maternity	colonies	with	a	low	percentage	of	existing	forest	cover	(less	than	20	
percent).	

8.	Compliance	monitoring	for	restored	and	protected	habitat	will	include:	

a)	Initial	confirmation	that	the	site	was	planted	using	an	appropriate	species	mix,	spacing,	
site	preparation,	etc.		

b)	Monitoring	after	3	years	to	confirm	at	least	a	70%	survival	rate	of	planted	species	and	
again	at	7	years	to	confirm	a	minimum	stand	density	of	planted	and	volunteer	native	trees	
equal	to	at	least	70%	of	the	planted	density	(e.g.,	planting	on	8x10	spacing	=	544	trees/acre	
and	70%	is	381	native	trees	per	acre).	

c)	Monitoring	every	2	years	from	aerial	photos	(or	a	report	from	the	land	managing	
agency)	confirming	that	the	mitigation	requirements	are	being	met.	

                                                            
18	For	specific	planting	guidelines	see	U.S.	Dept	of	Agriculture,	Natural	Resource	Conservation	Service	Conservation	Practice	
Standard	Code	612,	Tree/Shrub	Establishment,	Indiana	NRCS	FOTG,	October	2006.	
19	U.S.	Forest	Service.	2011.	Indiana’s	Forests,	Research	Bulletin	NRS‐45.	U.S.	Forest	Service,	Newton	Square,	PA.	
20	See	http://nwis.waterdata.usgs.gov/tutorial/huc_def.html	.	
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d)	Monitor	at	7	years	for	invasive	species	–	invasive	species	that	threaten	the	function	of	
the	mitigation	for	Indiana	bat	habitat	must	be	controlled	to	remove	that	threat	between	
years	7	and	10.21	

H.	Monitoring	for	Indiana	bat	maternity	colony	presence	and	persistence	at	mitigation	sites	

1.	Prior	to	implementing	any	summer	habitat	mitigation	project,	surveys	must	be	conducted	to	
confirm	the	presence	of	an	existing	maternity	colony	in	the	area	of	interest.		The	
presence/probable	absence	surveys	shall:	

a)	be	carried	out	by	personnel	approved	and	permitted	by	the	Service;	

b)	follow	established	protocols	that	have	been	approved	by	the	Service;	

c)	include	mist‐netting	efforts	that	adhere	to	the	Indiana	Bat	Mist‐Netting	Guidelines	and	
are	approved	by	the	Service’s	Bloomington	Field	Office;	

d)	include	telemetry	studies	to	identify	roost	tree	locations.22			

2.	Following	implementation	of	any	summer	habitat	mitigation	project,	surveys	must	be	
conducted	every	three	years	to	confirm	the	persistence	of	a	maternity	colony	in	the	
protected/restored	habitat.		The	presence/probable	absence	surveys	shall:	

a)	be	carried	out	by	personnel	approved	and	permitted	by	the	Service;	

b)	follow	established	protocols	that	have	been	approved	by	the	Service;	

c)	include	mist‐netting	efforts	that	adhere	to	the	Indiana	Bat	Mist‐Netting	Guidelines	and	
are	approved	by	the	Service’s	Bloomington	Field	Office.		Upon	capture	of	an	adult	female	or	
juvenile	Indiana	bat	at	any	mist‐net	site	within	the	project	area	further	mist‐netting	efforts	
at	all	sites	can	be	discontinued.	

II.	Hibernacula	Mitigation	(Gating)23	

There	are	limited	opportunities	for	this	type	of	mitigation,	and	cave	gating	is	challenging	as	a	mitigation	
strategy	because	there	is	currently	no	standard	approach	for	measuring	how	much	Indiana	bat	take	is	
mitigated	for	with	the	installation	of	a	gate.		Nonetheless,	if	a	large	vulnerable	population	is	under	
imminent	threat	of	human	disturbance	at	a	hibernaculum,	then	the	Service	will	accept	gating	as	partial	
mitigation	for	the	impact	of	take	by	assuming	a	gating	project	would	avert	a	marginal	baseline	impact	
equating	to	loss	of	1%	of	the	vulnerable	population.		If	there	is	not	a	large,	vulnerable	population,	or	if	
threat	is	not	of	sufficient	urgency,	gating	will	not	be	a	viable	mitigation	strategy.	

A.	Prerequisite	conditions	for	a	Hibernaculum	gating	project	

                                                            
21	In	some	cases	where	invasive	species	are	identified	and	expected	to	be	problematic,	but	the	site	is	otherwise	suitable,	
additional	monitoring	and	corrective	action	may	be	required.	
22	This	is	imperative	in	determining	the	maternity	colony	home	range.			
23	Other	hibernacula	–	related	mitigation	projects	(e.g.,	acquisition	or	restoration)	might	also	provide	benefits	to	Indiana	bats,	
but	at	the	present	the	BFO	is	not	considering	these	as	acceptable	mitigation.	
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1.	Winter	habitat	mitigation	plan	(WHMP)	‐	all	mitigation	projects	involving	hibernacula	(or	
staging‐swarming	habitat)	must	include	the	development	of	a	winter	habitat	mitigation	plan	
outlining	what	is	proposed,	how	the	various	components	score	(see	below),	where	the	mitigation	
will	take	place,	and	other	relevant	information	that	will	be	provided	for	the	Service’s	review	and	
approval	at	least	6	weeks	prior	to	committing	resources	on	the	ground.		No	mitigation	value	is	
applied	to	a	WHMP;	rather	it	is	a	required	first	step	in	developing	a	winter	habitat	mitigation	
project.	 	

2.	State	and	Federal	agencies	with	legal	responsibility	for	Indiana	bat	management	(IDNR	and	
BFO)	must	support	the	proposed	gating	project.	

B.	Threat‐based	strategy	for	valuing	a	gating	project	

	 1.	Presence	of	vulnerable	bats	–	those	potentially	benefitted	by	the	mitigation	project	

a)	Acceptable	gating	projects	will	have	very	large	numbers	of	vulnerable	bats	‐	the	cave	
housing	the	vulnerable	bats	will	have	had	a	population	of	>10,000	bats	within	the	past	10	
years	(typically	Priority	1	hibernacula).24	

i.	Vulnerable	bats	will	typically	be	directly	in	harm’s	way	from	unauthorized	human	
visitation,	degradation	of	the	cave	habitat,	or	other	clear	threat	(effective	gates	will	
not	be	present).	

ii.	There	must	be	a	good	estimate	of	the	number	of	vulnerable	bats	(e.g.,	from	survey	
data).	 	

2.	Threat	–	there	are	two	components	of	threat,	the	first	is	the	likelihood	that	an	impact	will	
happen,	and	the	second	is	the	impact	itself	on	the	threatened	bats.		Both	components	must	be	
present	for	a	viable	gating	project.		

	 	 a)	Likelihood	the	impact	will	happen	

i.	Documented	threat	–	the	threat	to	vulnerable	bats	is	immediate	and	established	
through	known	disturbance.		This	must	be	documented	unless	the	factors	in	(ii)	
below	are	evaluated	and	accepted	by	the	Service.	

ii.	Potential	threat	–	virtually	every	cave	that	has	vulnerable	bats	and	that	is		not	
effectively	gated	has	some	potential	for	impacts.		The	applicant	will	in	most	cases	
have	to	demonstrate	more	than	one	of	the	factors	below	to	the	Service,	which	will	
evaluate	them	to	determine	if	potential	threat	is	immediate	enough	to	indicate	
gating	as	acceptable	mitigation:25	

 physical	evidence	and/or	other	records	of	past	unauthorized	entry	
and/or	vandalism;	

 distance	to	nearest	public	road;		
 distance	to	nearest	residence	(and	possible	caretaker);	

                                                            
24	This	may	change	based	on	the	impacts	of	WNS	or	other	factors	but	for	the	present	time,	it	is	unlikely	that	the	Service	will	
consider	projects	that	do	not	meet	this	criterion.	
25	This	would	typically	be	part	of	the	WHMP.	
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 distance	from	cave	entrance	to	traditional	bat	roost	sites	within	the	
hibernaculum;	and	

 relative	popularity	of	the	site	with	recreational	cavers.	
		

b)	Impact	of	unauthorized	visits	‐	quantifying	the	impact	of	human	disturbance	on	a	
hibernaculum	is	problematic	and	essentially	stochastic	since	any	single	visit	could	result	in	
minor	impacts	or	destroy	all	of	the	vulnerable	bats.		The	Service,	therefore,	will	assign	a	
very	low	overall	value	to	gating	as	mitigation	for	take	of	Indiana	bats.	

i.	The	baseline	mitigation	credit	will	be	1%	of	the	vulnerable	population	as	of	the	
last	official	(biennial)	census	(e.g.,	if	10,000	vulnerable	bats	are	protected	from	
human	disturbance,	the	mitigation	credit	will	be	100	bats).		

ii.	Some	factors	likely	increase	the	probability	that	an	impact	will	be	more	severe	on	
vulnerable	bats.		The	following	factors,	if	documented,	would	allow	for	a	marginal	
increase	in	the	1%	baseline	value	of	gating	mitigation:	

 Physical	accessibility	of	bat	location(s)	to	humans	‐	technical/vertical	caving	
gear	not	required	=	+0.5%	of	vulnerable	bats	
	

 Average	ceiling	height	of	90%	of	the	hibernating	bats	(in	Service	database)	is	
less	than	10	feet	=	+0.5%	of	vulnerable	bats	
	

 The	majority	of	vulnerable	bats	occur	in	one	or	a	few	discrete	roosting	areas	
that	are	in	close	proximity	of	one	another	(i.e.,	they	have	a	highly	clumped	
distribution)	=	+0.5%	of	vulnerable	bats	

	
iii.	The	maximum	value	of	any	gating	project	with	all	of	the	factors	in	(ii)	present	
would	be	2.5%	of	the	total	vulnerable	population	of	bats	at	the	gated	hibernaculum.	

	
	C.	Effectiveness	of	the	mitigation	(gate)	in	removing	the	threat		

1.	Project	must	be	installed	correctly		 	 	 	
	

a)	Compliance	monitoring	after	the	project	will	ensure	that	the	gate	was	properly	installed	
according	to	the	design	specifications	and	is	not	hindering	the	ingress/egress	of	bats	or	air.	

	
2.	Cave	entrance	is	permanently	protected	by	easement	or	fee	title	or	must	already	be	in	public	
ownership	(and	deemed	secure	by	the	Service).	
	
3.	Effectiveness	must	be	confirmed	by	monitoring	yearly	for	12	years	(or	for	the	period	that	
vulnerable	bats	are	present)	demonstrating	that	no	unauthorized	visits	have	occurred.26		
	
	 a)	Documented	by	data‐loggers	or	other	appropriate	non‐invasive	method	
	

                                                            
26	This	is	a	high	bar,	but	is	necessary	because	of	the	stochastic	nature	of	potential	impacts	–	an	unauthorized	visit	could	result	
in	catastrophic	impacts.	
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b)	Adaptive	management	would	be	applied	–	if	gate	is	not	secure,	specific	measures	to	
address	the	problem	

	
4.	Hibernaculum	mitigation	(gating)	cannot	mitigate	for	100%	of	the	impact	of	the	taking.27	
	

III.	Mitigation	Surrounding	Hibernacula	(Staging‐Swarming	Habitat)	
	
Staging/Swarming	habitat	may	not	be	limiting	for	most	hibernacula	(particularly	in	Indiana).		Indiana	
bats,	however,	must	meet	foraging	and	roosting	needs	in	the	area	surrounding	hibernacula	during	the	fall	
swarming	period.		Further,	males	use	these	areas	year	round.		Protecting	habitat	(through	acquisition,	
conservation	easement,	or	management	agreements)	surrounding	hibernacula	also	provides	for	long	
term	management	predictability.		The	restoration	of	forest	around	hibernacula	may	also	be	acceptable	
mitigation	(it	is	expected	that	the	number	of	hibernaculum	where	this	would	be	acceptable	is	small).	

A.	Prerequisites	for	staging/swarming	mitigation	

	 1.	WHMP	must	be	prepared	prior	to	implementing	staging/swarming	mitigation.	

	 2.	Minimum	mitigation	block	is	10	acres.	

	 3.	All	mitigation	must	occur	within	10	miles	of	a	hibernaculum.28	

B.	Mitigation	Value	

1.	Mitigation	value	is	based	on	the	Service’s	GIS	analysis	that	indicated	that	each	Indiana	bat	had	
an	average	of	9.4	wooded	acres	available	for	roosting	and	foraging	within	20	miles	of	P1	and	P2	
hibernacula	in	Indiana.	

2.	Males	and	females,	juveniles	and	adult	Indiana	bats	all	share	staging/swarming	habitat	around	
the	hibernaculum.	 	

3.	Staging/swarming	mitigation	(similar	to	hibernaculum	gating	mitigation)	will	be	assigned	a	
value	by	the	Service	less	than	that	assigned	to	summer	habitat	because	the	value	of	each	
staging/swarming	habitat	acre	to	a	female’s	survival	over	the	winter	and	reproduction	the	
following	year	is	unknown,	but	is	in	most	cases	(at	Indiana	hibernacula)	less	of	a	limiting	factor	
than	is	summer	habitat.	Staging/swarming	habitat	is	one	of	a	number	of	important	factors	
contributing	to	overwinter	survival	and	fitness.	

	 4.	The	value	of	staging	and	swarming	habitat	is	therefore	calculated	as:	

	 	 a)	10	acres	=	0.2	bat/year		

                                                            
27	Note	that	hibernaculum	gating	and	staging/swarming	habitat	are	considered	as	the	same	category	of	mitigation	and	they	
cannot	mitigate	for	100%	of	the	impact	of	the	taking	either	alone	or	in	combination.	
28	We	have	data	that	bats	use	habitat	up	to	20	miles	or	more	from	hibernacula,	but	projects	within	10	miles	likely	provide	the	
most	benefit.	
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b)	This	value	will	accrue	every	year	for	25	years	because	Indiana	bats	return	to	the	same	
hibernaculum	for	generations	as	long	as	it	is	functional	and	therefore	use	the	same	
staging/swarming	habitat		‐	10	acres	=	0.2	bats/year	x	25	years	=	5	bats.		

c)	The	10	acre	baseline	assumes	the	mitigation	habitat	meets	criteria	for	optimal	
staging/swarming	habitat.		The	baseline	10	acres	may	increase	based	on	the	scoring	
system	outlined	in	(D,	1)	below.	

	 5.	Staging/Swarming	habitat	cannot	mitigate	for	100%	of	the	impact	of	the	taking.29	

C.	Mitigation	type	

	 1.	Mitigation	can	be	restoration	with	protection	

	 	 a)	Restoration	is	accepted	only	at	hibernacula	where	staging‐swarming	habitat	is	limiting.30	

b)	Restoration	must	be	contiguous	with	an	existing	forest	block	of	at	least	10	acres	or	must	
connect	two	forest	blocks	of	at	least	5	acres.		

	 2.	Mitigation	can	be	protection	of	existing	habitat31	

a)	Where	habitat	is	not	considered	limiting,	protection	of	existing	habitat	may	be	
warranted/accepted	as	mitigation	if	<50%	of	the	existing	staging/swarming	habitat	within	
the	10‐mile	radius	is	in	public	ownership	or	there	is	a	demonstrable	threat.32	

b)	Where	habitat	is	considered	limiting,	protection	of	existing	habitat	may	be	
warranted/accepted	as	mitigation	if	there	is	a	demonstrable	threat.		Otherwise	restoration	
is	required	(see	footnote	18).	

D.	Baseline	mitigation	scoring	based	on	the	estimated	value	of	staging/swarming	habitat	mitigation	‐	the	
factors	below	affect	the	baseline	value.	

1.	A	score	approaching	100	equates	to	baseline	(10	acres	=	5	bats)	and	lower	scores		require	
additional	mitigation	acres	to	reach	the	baseline	number	of	bats	(5)	mitigated.	

	 	 a)	score	of	80	‐	100	=	10	acres	

	 	 b)	score	of	60	‐	79	=	15	acres		

	 	 c)	score	of	35	‐	59	=	20	acres	

	 	 d)	score	<35	‐	project	is	not	viable	

E.	Identifying	most	beneficial	sites	for	mitigation	 	 	 	

1.		Conservation	of	staging/swarming	habitat	around	larger	hibernacula	is	more	valuable	since	the	
habitat	would	benefit	more	bats.		

                                                            
29	Note	that	hibernaculum	gating	and	staging/swarming	habitat	are	considered	as	the	same	category	of	mitigation	and	they	
cannot	mitigate	for	100%	of	the	impact	of	the	taking	either	alone	or	in	combination.	
30	The	Service	will	provide	a	list	of	hibernacula	where	restoration	will	be	accepted	as	mitigation.	
31	Protection	can	take	the	form	of	fee	title,	easement,	or	other	method		acceptable	to	both	the	applicant	and	the	Service	
32	See	I	E	1	above	for	definition	of	threat.	
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	 	 a)	hibernaculum	priority	score33		

	 	 	 i.	P1	=	50	points		

	 	 	 ii.	P2	=	30	points		

	 	 	 iii.	P3	=	15	points		

	 	 	 iv.	P4	=	5	points	 	 	

	 2.	Landscape	composition	within	10	miles	of	hibernacula34	

a)	Staging/swarming	habitat	restoration	(or	protection	only	if	there	is	a	demonstrable	
threat)35		

	 	 	 i.	<30%	forested	=	30	points	

	 	 	 ii.	30–40%	forested	=	20	points	

	 	 	 iii.	40‐50%	forested	=	10	points	

	 	 	 iv.	>50%	forested	=	0	points	

b)	Staging/swarming	habitat	protection	(where	public	ownership	is	<50%	or	where	there	
is	a	demonstrable	threat).	

	 	 	 i.	>50	%	forested	and	<50%	public	ownership	=	30	points	

	 	 	 ii.	>50	%	forested	and	demonstrable	threat	=	20	points	

	 	 	 iii.	≤50%	forested	and	demonstrable	threat	=	10	points	

	 	 	 iv.	≤50%	forested	and	no	threat	=	0	points	(restoration	is	required)	

3.	Location	of	mitigation	(restoration	with	protection	or	protection	only)	will	be	most	beneficial	if	
it	is	an	optimal	distance	from	the	hibernaculum	opening.	

	 	 a)	mitigation	is	1	–	5	miles	from	opening	=	20	points	 	

	 	 b)	mitigation	is	>5	–	10	miles	from	opening	=	10	points	 	

F.	Compliance	monitoring	for	protection	of	existing	habitat	will	include:	

1.	Initial	confirmation	that	the	habitat	slated	for	protection	is	suitable		based	on	Service	guidelines	
for	either	foraging	or	roosting	habitat.	

                                                            
33	Points	can	be	adjusted	for	hibernacula	deemed	to	have	“high”	or	“very	high”	potential	importance	for	achieving	range‐wide	
recovery	of	the	Indiana	bat	as	determined	by	bat	experts	familiar	with	the	sites	(and	approved	by	the	Service	and	the	State)	
and	documented	in	our	hibernacula	database.	
34	Note	points	for	either	restoration	or	protection	are	counted,	whichever	constitutes	the	majority	of	the	restoration	–	each	
type	accounts	for	50%,	then	the	higher	score	will	apply.	
35	See	summer	habitat	mitigation	above	for	what	constitutes	a	demonstrable	threat.	
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2.	Monitoring	every	2	years	from	aerial	photos	(or	a	report	from	the	land	managing	agency)	
confirming	that	the	mitigation	requirements	are	being	met.	

G.	Compliance	monitoring	for	restored	and	protected	habitat	will	include:	

1.	Initial	confirmation	that	the	site	was	planted	using	an	appropriate	species	mix,	spacing,	site	
preparation,	etc.		

2.	Monitoring	after	3	years	to	confirm	at	least	a	70%	survival	rate	of	planted	species	and	again	at	7	
years	to	confirm	a	minimum	stand		density	of	planted	and	volunteer	native	trees	equal	to	at	least	
70%	of	the	planted	density	(e.g.,	planting	on	8x10	spacing	=	544	trees	/	acre	and	70%	is	381	
native	trees	per	acre).	

3.	Monitoring	every	2	years	from	aerial	photos	(or	a	report	from	the	land	managing	agency)	
confirming	that	the	mitigation	requirements	are	being	met.	

4.	Monitor	at	7	years	for	invasive	species	–	invasive	species	that	threaten	the	function	of	the	
mitigation	for	Indiana	bat	habitat	must	be	controlled	to	remove	that	threat	between	years	7	and	
10.	36	

                                                            
36	In	some	cases	where	invasive	species	are	identified	and	expected	to	be	problematic,	but	the	site	is	otherwise	suitable,	
additional	monitoring	and	corrective	action	may	be	required.	
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FILE r~I' Y 
United States Depmtment of the Interior 

Fish and Wi ldlife Service 

Ms. Victoria. Poulton 
WEST, Inc. 
2003 Central A venue 
Cheyenne, Wyoming 82001 

Dear Ms. Poulton: 

Bloomington Field Office (ES) 
620 South Walker Street 

Bloomington, rN 47403-2121 
Phone: (812) 334-4261 Fax: (812) 334-4273 

Oclober 13, 2006 

Thank you foor your letter dated September 18, 2006 concerning a proposed wind energy project 
near Fowler" Benton County, lndiana. The transmission route study area also includes a small 
portion of Tippecanoe County along the U.S. 52 Highway corridor. 

These comments are being provided pursuant to the Endangered Species Act (ESA), lhe 
Migratory Bird Treaty Act, Bald and Golden Eagle Protection Act, and Fish and Wi ldlife Act of 
1956. This infomlation is being provided to ass ist you in making an infomled decision regarding 
site selection, project design, compliance with app licable laws, and io detemline whether a 
permit to cover anticipated take of species is appropri ate under the ESA 

The Fish and Wildlife Service (Service) supports the development of wind power as an 
alternative energy source, however, wind fanns can have negat ive impacts on wildlife and their 
habitats ifnot sited and designed with potential wildlife and habitat impacts in mind. Sel.ection 
of the best s'ites for turbine placement is enhanced by mling out sites wi th known high 
concentrations of birds and/or bats passing within the rotoswept area of the turbines or where the 
effects ofhahitat fragmentation wi ll be detrimental. In support of wind power generation as a 
wildlife-friendly, renewable source of power, development sites with comparatively low bird, bal 
and other wildlife values, wou ld be preferable and would have relatively lower impacts on 
wildlife. 

THREATENED AND ENDANGERED SPECIES 

The area described in your letter is within the range of the Federally endangered Indiana bat 
(Myolis soda lis), the Federally threatened bald eagle (Haliaeetus leucocephalus), and a Non
Essential, Experimental population of whooping cranes (Gnts americana). 
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The Indiana bat uses woodlands during the summer when maternity colonies occupy trees with 
loose bark for roosting. These bats forage primarily over wooded stream corridors, although they 
have been collected in grazed woodlots, mature deciduous forests, and pastures with trct$. There 
are no records of the Indiana bat in Benton County however we are not aware of any surveys 
conducted i.n that county. The Indiana bat has been found in adjacent Warren County (along Big 
Pine Creek and Little Pine Creek), Tippecanoe County (Wabash River and Indian Creek) and 
Newton County (Kankakee River). Bats in general have been the focus of several recent studies 
with regard to impacts from wind turbines and mortality appcm"s to be highest during the fall 
migration period (Johnson et a!. 2003). Based on a desktop review of aerial photographs, 
topographic: maps, and other information, there does not appear to be much suitable summer bat 
habi tat within the project area; however, spring and fall migration routes could include areas of 
Benton Cotmty. 

Eagles nest in close proximity to lakes, ri vers, or reservoirs. They construct their nests near 
habitat ecotones, such as lakeshores, rivers, and timber management areas (clearcuts or selective 
cuts). Tolerance of human activity during the nesting season has been variable, but, idea lly, 
human disturbance of eagles should be avoided. The bald eagle's food base from the walershed 
inc ludes c3lTion, waterfowl, and especially fish. There are no records for the bald eagle:in 
Benton County but there are currently 2 nests in Tippecanoe County and a new nest in Newton 
County. 

:;rhe eastern population of the whooping crane was reintroduced into the Midwest in 200 I and 
made its first migration to wintering sites in Florida following an ultralight aircraft. The birds 
make several stops along their fall migration route through Indiana, often including Benton 
County. The cranes utilize a variety of habitats during migration including croplands, marshes, 
and ri verine: areas. The birds stand up to five feet tall and have snowy white body feathers with 
black wingtips. The head is red and black with a long. pointed beak. The eastern popUlation was 
listed as a non·essential, experimental popUlation under the Endangered Species Act of 1973 (as 
amended). This designation relaxes the restrictions of the Endangered Species Act and lessens 
possible conflicts between people and whooping crane conservation. Whooping cranes aTe sti ll 
fu ll y covered under the Migratory B ird Treaty Act, as are most migratory birds. 

Tippecanoe County has popUlations of two federally endangered Unionid mussels, the cl ubshell 
(Pluerobema clava) and fanshell (Cyprogelliall slegaria). Both species are in the Wabash and 
Tippecanoe Rivers upstream from Lafayette and are not likely to occur in the transmission route 
study area. 

Because of the potential for wi nd power projects to impact endangered bird, bat , or othe[ listed 
spec ies, they are subject to the Endangered Species Act (16 V.S.c. 1531.1544) section 9 
provisions governing "take", similar to any other development project. Take incidental to a 
lawful activity may be authorized through the initiation of formal consultation, if a Federal 
agency is involved. Ifa Federal agency, Federal funding, or a Federal permit are not involved in 
the project, an incidenta l take permit pursuant to section 10 (a)(1 }(B) of the ESA may be 
obtained upon completion ora satisfactory habitat conservation plan for the listed species. 
However, there is no mechanism for authori zing incidental take "aflcHhe·fact". 
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OTHER SPECfES OF CONCERN 

Tn addition to the above mentioned species, upland sandpipers (Barlramia /ollgic{lfula), 
Franklin's gro llnd squirrels (Spermophilus fronklinii) and other species listed as endangered or 
special concern by the State or Indiana may potentially be found near the area. Upland 
sandpipers are migratory birds that favor grasslands, pastures, and fields in early successional 
stages. They nest in loose colonies in taller vegetation and feed on insects, seeds of grasses and 
forbs, as well as waste grains (Castrale et al. 1998). Franklin's ground squirrels are burrowing 
ani mals that prefer dense grass/weed habitat which provides good cover. Some orthe best 
remaining habitat may be along railroad embankments. This species feeds primarily on 
vegetable matter (although insects are sometimes eaten) and hibernates for several months 
(Mumford and Whitaker 1982). Both species have been recorded near the proposed project area. 
These animals are not afforded legal protection under the authorities of the federal Endangered 
Species Act (as amended); however, because they are State Endangered species the FWS 
encourages consideration of these species in project planning. We recommend that you consult 
w ith the lndjana Department of Natural Resources (IDNR) for more information regarding 
wild li fe species and natural resources of interest to the State that may occur within the study area. 

MIGRATORY BIRDS 

The two primary types of wi nd turbine impacts to migratory birds (and bats) are di rect mortality 
[Tom collisions and ind irect impacts from hab itat avoidance, disrup tion and disp lacement. For 
these reasons, site selection and evaluation are extremely important. The study area near :Fowlcr 
appears to be primarily comprised of agricultural row crops, although several small wetlands and 
areas of grassland/pasture (including several managed areas and Heritage Data Base records) may 
be present based on a "desktop" review of digitaVGIS data. Since some data layers are over 10 
years old, fie ld verification may be necessary. These small , isolated areas of grass land and 
pasture may provide the only remaining habitat for sensitive grassland species, such as 
Henslow's sparrows, grasshopper sparrows, and upland sandpipers (JeffJ(jefer pers. comm.), as 
well as habitat for more common migratory grassland species such as dickcissels and eastern 
meadow larks (Castrale et al. 1998 and DUlming, Jf. and Brai le 1998). Additionally, the 
transmission route study corridor crosses Big Pine Creek and 2 headwater tributaries ofIndian 
Creek containing several wetl ands. 

The Migratory Bird Treaty Act (16 U.S.C. 703-7 12; MBTA) implements four treat ies that 
provide for international protection of migratory birds. The MBTA prohibits taking, killing, 
possession, t ransportation, and importation of migratory birds, their eggs, parts, and nests , except 
when specifically authorized by the Department of the Interior. Bald and golden eagles are 
afforded additiona l legal protection under the Bald and Golden Eagle Protection Act (16 U.S.C. 
668.668d). Unlike the Endangered Species Act, neither the MBTA nor its implementing 
regu lations at 50 CFR Part 21, provide for pennitting of "incidental take" of migratory bi rds. 

Whi le the MBTA has no provision for allowing unauthorized take, the Service recognizes that 
some bi rds may be killed at structures such as wind tu rbines even ifall reasonable measu:res to 
avoid it are implemented. While it is not possible under the MBTA to abso lve individuals, 
companies, or agencies from liability if they follow these reconunended guidelines, (he Service's 
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Office of Law Enforcement and Department of Justice have used enforcement and prosecutorial 
discretion in the past regarding individuals, companies, or agencies who have made good faith 
efforts to avoid the take of migratory birds. 

The Service's "voluntary" Interi m Guidelines on Avoiding and Mi ni mizing Impacts from Wind 
Turbines may be helpful as you evaluate your proposed wind power generation site 
(http://www.fws.govlhabitatconservationlwind.htm) (attached). The guidance contains a pre
development site evaluation and ranking process to assess potential project impacts, as well as 
recommendations for conducting post-construction monitoring. The guidance also contains morc 
information on the applicable laws and pCmlitting aspects in Appendices 3 and 5. Service staff 
welcome the opportunity to work with representatives of your industry. 

Finally, we recommend that you contact the Indiana Department of Natural Resources, Division 
of Nature Preserves, and Division ofFish and Wildlife concerning possible State-listed species 
and other state resource concerns. Their addresses are: 

Indiana Department of Natural Resources 
Division of Nature Preserves 
402 West Washington, Rm W267 
Indianapolis, Indiana 46204 

iJldiana Department of Natural Resources 
Division ofFish & Wildlife 
402 West Washington, Rm W273 
lndianapolis, Indiana 46204 

Thank you for the opportunity to provide comments on your wind-power project. lfwe can be of 
further assistance during the design and implementation of your project, please contact Mike 
Litwin of my staff at (812) 334-4261 exl. 205. 

Sincerely, 

~~.~.-~. 
Scott Pruitt, 
Field Supervisor 

cc: Katie Smith, Division ofFish and Wi ldlife, IDNR,lndianapoiis, IN 
John Castra ie, Division ofFish and Wildlife, IDNR, Mitchell, IN 

ES: miitwin/fowler wind project.doc/Octoberl J, 2006 
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United States Department of the Interior 
Fish and Wildlife Service 

Robert Myer 
BP Wind Energy NA, Inc. 
700 Louisiana St., 33rd Floor 
Houston, TX 77002 

Dear Mr. Mye,: 

Bloomington Field Office (ES) 
620 South Walker Street 

Bloomington, IN 47403-2121 
Phone: (812) 334·4261 Fax: (812) 334-4273 

August 5, 2011 

u,!i. 
'ISH""Wll.O~IFE 

~ ~ 

The U.S. Fish & Wildlife Service has completed our review of the spring bat mortality surveys you 
have completed at the Fowler Ridge Wind Fann, Benton County. Indiana. Surveys were completed 
during spring migration each year from 2009 - 201 1. The results of those surveys reveal that few 
bat mortalities occur each spring. In addition, no bats of the genus Myotis were found. Based on 
those survey results the Service concludes that the operation of the Fowler Wind Farm during spring 
migration is not likely to result in the mortality offederaJly listed Indiana bat (Myofis sodafis) and 
consequently no take penn it is needed. Surveys you have completed during fall migration have 
verified that Indiana bats are taken at your facility during that time and we look forward to working 
with you to complete your draft Habitat Conservation Plan with a goal of issuing you an Incidental 
Take Penn it to allow for operation during fal l migration in compliance with the Endangered Species 
Act. 

Please contact me if you have questions or concerns. 

Scott E. Pruitt 
Field Office Supervisor 
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Appendix E - Carcass Distribution Analysis 
 
Carcass distribution is not random within the cleared study plot in regard to carcass distance 
and orientation from turbine; carcass density (fatalities per square meter) decreases as distance 
to turbine increases. Carcass orientation to turbine has also been shown to have significant 
spatial patterns, with more bats found on the downwind side of turbines. The 2010 study at the 
FRWF had a significant spatial pattern when comparing fatality counts by directional quadrants 
(chi-sq 2.83, df = 1, p-value = 0.09; Table F-1; Table F-1).  
 

Table F-1. Bat fatality counts by quadrant 
recorded during the 2010 carcass monitoring 

at the Fowler Ridge Wind Farm. 

Quadrant West East 

North 105 112 
South 59 91 

 
 

 
Figure F-1. Locations of bat carcasses surrounding turbines found on 80m x 80m cleared plots 

by distance and bearing from turbine during 2010 carcass monitoring at the Fowler Ridge 
Wind Farm. 

 
 
Adjusted fatality estimates at turbines where only the roads and pads are searched will not be 
biased because of orientation (regardless of predominant wind direction, nacelle orientation, 
and road locations), if sampling of roads and pads is representative of all directions. To explore 
possible orientation bias, the intersection of roads and pads at 136 turbines searched within 



80m x 80m plots in 2010 (with points centered at every square meter) were totaled and plotted 
(Figure F-2). The percent frequency of the number of times each point intersected a road or pad 
is colored by 5% intervals. Figure F-2 shows no strong visual evidence of unequal sampling by 
orientation. 
 

 

Figure F-2. Percent frequency of point intersection of 136 road and pad polygons with an 80 x 80-
meter square grid with points every square meter for the 2010 carcass monitoring at the Fowler 
Ridge Wind Farm. 

 
 
Total road and pad area surveyed for each quadrant during 2010 carcass monitoring at the 
FRWF ranged from 6.05 acres (263,538 ft2) in the southeast quadrant to 7.42 acres (323,215 
ft2) in the northeast (Table F-3). Since the chi-squared test statistic is dependent on the scale of 
the data, 10 x 10 m wide blocks were selected based on the expected viewshed of searchers on 
road and pads (5 m [16 ft] on each side). A chi-squared test for independence of the number of 
10 x 10-m (about 33 x 33-ft) blocks throughout the 136 80 x 80-m plots covered by roads and 
pads by each quadrant was not significant (chi-squared 0.19, df = 1, p-value = 0.66). This 
suggests that the turbines samples during 2010 studies showed no directional bias and were 
representative of all directions. Random selection of turbines minimizes the potential bias due to 
road and pad orientation in relation to prevailing wind direction. 
 
 

Table F-3 Total road and pad acres 
searched by quadrant for the 136 

turbines included in the 2010 carcass 
monitoring at the Fowler Ridge Wind 

Farm. 

Quadrant West East 

North 7.29 7.42 
South 6.29 6.05 

 
  



The results of the 2010 study further support the use of road and pad searches for generating 
comparable and unbiased bat fatality estimates. The 2010 study was designed using a double 
sampling approach to determine if bat fatality estimates using only road and pad searches were 
comparable to bat fatality estimates generated from cleared plot searches. Estimates of bat 
fatality were based on data collected from two independent sets of turbines. One hundred 
turbines were searched weekly only on roads and pads, and 36 additional turbines were 
searched daily using 80 x 80-m cleared plots. Two estimates were generated, one based on 
data collected during carcass searches at the 100 roads and pad turbines, and a second 
estimate based on data collected during carcass searches at the 36 cleared plot turbines.  
 
The estimates generated from these two independent estimation methods, one using roads and 
pads and one based on cleared plots, yielded very similar estimates of overall bat fatalities with 
significantly overlapping confidence intervals. The estimates were 24.17 (90% CI 19.50 – 30.02) 
for the cleared plots and 20.96 (90% CI 17.52 – 28.78) for road and pad searches (see 
Appendix A for details of fatality estimation methods and results). The similarity between 
adjusted fatality estimates from road/pad and cleared plot searches indicates that road and pad 
orientation in relation to wind direction has a minimal effect on fatality estimates. 



 
 
 
 

Appendix F 
 

Model to Determine Number of Control Turbines for Within-
Season Adaptive Management   



A sample size of 20 was determined to be adequate based on modeling done to determine the 
chance of FRWF finding that the end-of-year adaptive management threshold was triggered, 
given a 10% to 60% increase in expected Indiana bat fatalities (Table H.1). When 20 turbines 
are searched, there is a 33% chance of finding the adaptive management trigger will be 
exceeded given a 10% increase in fatalities from that expected from minimization efforts. If this 
pattern persists over two or five years, there is a 56% or 87% chance (respectively) that FRWF 
will find the adaptive management trigger was exceeded at least once, resulting in increased 
cut-in speeds. Over the 21 year ITP the chance that FWRF will conclude that an adaptive 
management change is necessary given a 10% increase in expected fatality is greater than 
99% (Table 5.6). This demonstrates that fatality estimates based on 20 control turbines are 
sensitive enough to capture a 10% increase in expected fatality and trigger necessary adaptive 
management efforts over the life of the ITP. Larger increases in Indiana bat mortality result in 
larger chances of exceeding the annual Indiana bat adaptive management trigger. Assuming a 
40% increase in Indiana bat mortality above that expected there is a 77% chance of finding the 
adaptive management trigger will be exceeded that year, and a 95% chance of finding the 
adaptive management trigger will be exceed by year two (Table 5.6). With near certainty, all 
modeled increases in expected fatality will be captured by FRWF over the ITP term and will 
most likely be captured within the first two to five years of monitoring. This modeling exercise 
demonstrates that monitoring a subset of 20 control turbines is sufficient to detect changes in 
Indiana bat mortality and to correct for those changes with adaptive management to ensure that 
the ITP is not exceeded over the 21-year ITP term.  
 
  



Table H.1 Estimated chance of exceeding the annual Indiana bat adaptive management trigger by 
percent increase from expected Indiana bat fatality under the adaptive management 
curtailment strategy when searching 20 turbines at the Fowler Ridge Wind Farm.  

Percent Increase from 
Expected Fatality 

Reduction 

Turbines 
Searched 

Chance that FRWF would Find that the Upper Limit of 
Indiana Bat Mortality was Exceeded At Least Once 

1 Year 2 Years 5 Years 10 Years 21 Years 

10% 20 33% 56% 87% 98% >99% 
20% 20 50% 75% 97% >99% >99% 
30% 20 64% 87% 99% >99% >99% 
40% 20 77% 95% >99% >99% >99% 
50% 20 86% 98% >99% >99% >99% 
60% 20 92% 99% >99% >99% >99% 
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Implementing Agreement for the Fowler Ridge Wind Farm Habitat 
Conservation Plan 



 

 

 

 

 

IMPLEMENTING AGREEMENT 

for the 

FOWLER RIDGE WIND FARM HABITAT CONSERVATION PLAN 

by and between 

THE UNITED STATES FISH AND WILDLIFE SERVICE 

and 

FOWLER RIDGE WIND FARM LLC 

FOWLER RIDGE II WIND FARM LLC 

FOWLER RIDGE III WIND FARM LLC 

FOWLER RIDGE IV WIND FARM LLC 



2 
 

 

IMPLEMENTING AGREEMENT 

 

1.0 RECITALS 

2.0 PURPOSES 

3.0 TERMS USED 

3.1 Terms Defined in Endangered Species Act 

3.2 “Authorized Take” 

3.3 “Changed Circumstances” 

3.4 “Covered Activities” 

3.5 “Covered Lands” 

3.6 “Covered Species” 

3.7 “Facility” 

3.8 “HCP” 

3.9 “Listed Species” 

3.10 “Party” or “Parties” 

3.11 “ITP” 

3.12 “Permittees” 

3.13 “Take” 

3.14 “Unforeseen Circumstances” 

3.15 “Unlisted Species” 

4.0 OBLIGATIONS OF THE PARTIES 

4.1 Obligations of Permittees 

4.2 Obligations of FWS 
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5.0 ENVIRONMENTAL REVIEW UNDER NATIONAL ENVIRONMENTAL 
POLICY ACT 

6.0 SECTION 106  REVIEW UNDER NATIONAL HISTORIC PRESERVATION 
ACT 

7.0 INCORPORATION OF HCP 

8.0 TERM 

8.1 Initial Term 

8.2 Permit Suspension or Revocation 

8.3 Renewal of the Permit 

8.4 Relinquishment 

9.0 FUNDING 

10.0 MONITORING AND REPORTING 

10.1 Planned Periodic Reports 

10.2 Other Reports 

10.3 Certification of Reports 

10.4 Monitoring by FWS 

11.0 CHANGED CIRCUMSTANCES 

11.1 Permittees-Initiated Response to Changed Circumstances 

11.2 FWS-Initiated Response to Changed Circumstances 

11.3 Listing of Species that are not Covered Species 

12.0 ADAPTIVE MANAGEMENT 

12.1 Permittees-Initiated Adaptive Management 

12.2 FWS-Initiated Adaptive Management 

12.3 Reductions in Mitigation 

12.4 No Increase in Take 
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13.0 LAND TRANSACTIONS 

13.1 Acquisition of Land by Permittees 

13.2 Disposal of Land by Permittees 

14.0 MODIFICATIONS AND AMENDMENTS 

14.1 Minor Modifications 

14.2 Amendment of the ITP 

15.0 REMEDIES, ENFORCEMENT, AND DISPUTE RESOLUTION 

15.1 In General 

15.2 No Monetary Damages 

15.3 Injunctive and Temporary Relief 

15.4 Enforcement Authority of the United States 

15.5 Dispute Resolution 

16.0 MISCELLANEOUS PROVISIONS 

16.1 No Partnership 

16.2 Notices 

16.3 Severability 

16.4 Entire Agreement 

16.5 Elected Officials not to Benefit 

16.6 Availability of Funds 

16.7 Duplicate Originals 

16.8 No Third-Party Beneficiaries 

16.9 Relationship to the ESA and Other Authorities 

16.10 References to Regulations 

16.11 Applicable Laws 

16.12 Successors, Assigns, and Transfers 
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16.13 Authorized Parties 
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This IMPLEMENTING AGREEMENT (IA) for the Fowler Ridge Wind Farm Habitat 
Conservation Plan (HCP), is entered into by and between the UNITED STATES FISH AND 
WILDLIFE SERVICE, an agency of the Department of the Interior of the United States of 
America (FWS), and the Fowler Ridge Wind Farm LLC, the Fowler Ridge II Wind Farm LLC, 
the Fowler Ridge III Wind Farm LLC and the Fowler Ridge IV Wind Farm LLC (Fowler Ridge 
or Permittees), hereinafter collectively called the “Parties” and individually, a “Party.”  The four 
companies comprising Fowler Ridge have entered into a Common Facilities Agreement, which 
covers, among other things, the responsibilities of the Fowler Ridge parties for obligations, costs 
and expenses under the Incidental Take Permit (ITP) (as hereinafter defined).  The Fowler Ridge 
parties will jointly serve as permittees under the ITP, and are jointly and severally liable for all 
obligations assigned to them under the ITP, Habitat Conservation Plan (HCP), Programmatic 
Agreement (PA) and this IA.  

 1.0 RECITALS  

The Parties have entered into this IA in consideration of the following facts: 

 1.1 The FWS has jurisdiction over the conservation, protection, restoration, 
enhancement and management of fish, wildlife, native plants and their habitats under various 
federal laws, including the Endangered Species Act (ESA) (16 U.S.C. § 1531 et seq.), the 
Migratory Bird Treaty Act  (16 U.S.C. § 701 et seq.), the Bald and Golden Eagle Protection Act  
(16 U.S.C. § 668 et seq.), the Fish and Wildlife Coordination Act (16 U.S.C. §§ 661-666(c)), and 
the Fish and Wildlife Act of 1956 (16 U.S.C. § 742(a) et seq.).  
 

1.2 The ESA prohibits the “Take” of species listed as endangered or threatened under 
the ESA.  Under Section 10(a)(1)(B) of the ESA (16 U.S.C. § 1539(a)(1)(B)), the FWS may 
issue permits authorizing the incidental Take of endangered or threatened species during 
otherwise lawful activities if certain statutory requirements are met by the applicant and such 
Take will not appreciably reduce the likelihood of the survival and recovery of the species in the 
wild.  To obtain a federal incidental take permit (ITP), the applicant must submit a habitat 
conservation plan describing, among other things, the steps the applicant will take to minimize 
and mitigate to the maximum extent practicable the impact of such Take.  

 
 1.3 Fowler Ridge currently operates 355 wind turbines that were constructed during 
phases I, II, and III, and proposes to develop phase IV, which will consist of up to 94 turbines.  
All four phases of the Fowler Ridge wind energy facility (“Facility”) are sited in Benton County, 
Indiana.  

 1.4 The operation of the Facility has been determined to have the potential to affect 
the federally listed Indiana bat (Myotis sodalis) species, referred to as the “Covered Species.” 
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 1.5 Fowler Ridge, with technical assistance from the FWS, has prepared an HCP and 
related documents for the Covered Species.  Fowler Ridge has developed a series of measures, 
described in the HCP, to minimize and mitigate to the maximum extent practicable the effects of 
Take of the Covered Species incidental to Fowler Ridge’s Covered Activities. 

1.6 This IA defines the Parties’ roles and responsibilities and provides a common 
understanding of actions that will be undertaken under the HCP and its accompanying ITP, 
among other things, to minimize and mitigate for Take of the Covered Species incidental to 
Covered Activities on the Covered Lands. 

 

THEREFORE, the Parties hereby agree as follows: 

 
2.0 PURPOSES 

The purposes of this IA are: 

 2.1 To ensure implementation of the terms of the HCP; 

 2.2 To describe remedies and recourse should any Party fail to perform its 
obligations, responsibilities, and tasks as set forth in the HCP, ITP, PA and this IA; and 

 2.3 To provide “No Surprises” assurances to Fowler Ridge pursuant to 50 C.F.R. § 
17.22(b)(5).  

3.0 TERMS USED 

The following terms used in this IA will have the meanings set forth below: 

 3.1 Terms Defined in the ESA.  Terms used in this IA and specifically defined in the 
ESA or in regulations adopted by FWS under the ESA, have the same meaning as in the ESA 
and those implementing regulations, unless this IA expressly provides otherwise. 

 3.2 “Authorized Take” means the extent of incidental Take of the Covered Species 
authorized by FWS in the ITP issued to Fowler Ridge under ESA Section 10(a)(1)(B). 

 3.3 “Changed Circumstances” means changes in circumstances affecting a Covered 
Species or the geographic area covered by the HCP that can reasonably be anticipated by the 
Parties and that can reasonably be planned for in the HCP (e.g., the listing of a new species or a 
fire or other natural catastrophic event in areas prone to these events).  Changed Circumstances 
and the planned responses to those circumstances are described in Chapter 8.4 of the HCP.  
Changed Circumstances are not Unforeseen Circumstances, which are defined in Section 3.14 of 
this IA and described in Chapter 8.5 of the HCP. 
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 3.4 “Covered Activities” means certain activities carried out by Fowler Ridge and its 
agents on the Covered Lands that may result in Authorized Take of Covered Species during the 
term of the ITP.  These activities include those identified in Chapter 2.2 of the HCP. 

 3.5 “Covered Lands” means the geographic area described in Chapter 1.6 of the 
HCP upon which Authorized Take of the Covered Species may occur, and the lands to which the 
HCP’s mitigation measures apply.   

 3.6  “Covered Species” means the Indiana bat (Myotis sodalis), which the HCP 
sufficiently addresses to meet all the criteria for issuing an ITP under Section 10(a)(1)(B) of the 
ESA.  

 3.7 “Facility” means the wind energy facility, portions of which Fowler Ridge is 
currently operating and portions of which Fowler Ridge proposes to develop, in Benton County, 
Indiana.  

 3.8 “HCP” means the Habitat Conservation Plan prepared by Fowler Ridge to 
address the requirements of Section 10(a)(2)(A) of the ESA and incorporated by reference in this 
IA. 

 3.9 “Listed Species” means a species, including a subspecies or a distinct population 
segment of a vertebrate species, which is listed as endangered or threatened under the ESA. 

 3.10 “Party” or “Parties” means any or all of the signatories to this IA. 

 3.11 “ITP” means the ITP issued by FWS to Fowler Ridge under Section 10(a)(1)(B) 
of the ESA for Take incidental to Covered Activities on the Covered Lands, as it may be 
amended from time to time.  

 3.12 “Permittees” means Fowler Ridge Wind Farm LLC, Fowler Ridge II Wind Farm 
LLC, Fowler Ridge III Wind Farm LLC, and Fowler Ridge IV Wind Farm LLC. 

 3.13 “Take” has the same meaning provided by the ESA (to harass, harm, pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such act), and its 
implementing regulations (an act which actually kills or injures wildlife, including significant 
habitat modification or degradation that results in death or injury to listed species by significantly 
impairing essential behavioral patterns, including breeding, feeding, or sheltering), with regard to 
activities subject to the ESA.  

3.14 “Unforeseen Circumstances” means changes in circumstances affecting a 
Covered Species or the Covered Lands that could not reasonably have been anticipated by the 
Parties at the time of the HCP’s negotiation and development, and that result in a substantial and 
adverse change in the status of the Covered Species. 
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 3.15 “Unlisted Species” means a species, including a subspecies or a distinct 
population segment of a vertebrate species, that is not listed as endangered or threatened under 
the ESA, including proposed, candidate, and other species. 

4.0 OBLIGATIONS OF THE PARTIES 

 4.1 Obligations of Permittees.   
 

 4.1.1 Permittees will fully and faithfully perform all obligations assigned to 
them under this IA, the ITP, and the HCP. 

 
 4.1.2 Permittees will promptly notify FWS of any lawsuits filed against them, 
and of any written notices or letters expressing intent to file suit challenging the issuance 
of, or compliance with, the HCP and ITP.  
 
 4.1.3 Permittees will notify FWS in writing within ten (10) days of the 
occurrence of any of the following:  (1) any change in the registered name of any of the 
permittees; (2) the dissolution of any of the permittees; (3) the sale or conveyance of any 
of the permittees; (4) bankruptcy proceedings by any of the permittees as well as whether 
the permittee is in receivership; (5) when any of the permittees will no longer perform the 
Covered Activities in the Covered Lands; (6) the revocation or suspension of any of the 
Permittees’ corporate authorization to do business in the state or states in which it is 
registered to do business; and (7) the disqualification of any of the permittees from 
performing Covered Activities under the ITP for either of the disqualifying factors listed 
in 50 C.F.R. § 13.21(c) and (d), as may be amended, or under any future FWS regulation.  

 4.1.4 If FWS makes a finding of Unforeseen Circumstances, Permittees will 
avoid contributing to appreciably reducing the likelihood of the survival and recovery of 
the affected species during the period necessary to determine the nature and location of 
additional or modified mitigation, if any, subject to the application of No Surprises 
assurances. (see Section 2.3 and 4.2.1(b) of this IA) .  

  4.1.5 The authority issued to Permittees applies to all of Permittees’ officers, 
directors, employees, agents, subsidiaries, contractors, and subcontractors and their 
officers, directors, employees, and agents, and consequently the Permittees are liable for 
any ITP violations that occur by any of the persons and/or entities referenced in this 
paragraph or by any other persons and/or entities under the control of the Permittees.  
Permittees shall conduct an educational program to inform all such persons and entities 
of the ITP and HCP’s terms and conditions, and Permittees shall be responsible for 
supervising their compliance with those terms and conditions.  All applicable contracts 
between Permittees and such persons and entities, where relevant, shall require their 
compliance with the HCP, PA, this IA, and the ITP. 
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4.2 Obligations of FWS. 

4.2.1 Upon execution of this IA by all Parties and satisfaction of all other 
applicable legal requirements, FWS will issue Permittees an ITP under Section 
10(a)(1)(B) of the ESA for Authorized Take by Permittees of the Covered Species 
resulting from Covered Activities on Covered Lands. 

  (a) Permit Coverage.  The ITP will identify all Covered Species.  The 
ITP will become effective for Covered Species that are Listed Species at the time 
the ITP is issued.   

  (b) “No Surprises” Assurances.  The ITP will include the “No 
Surprises” assurances set forth in 50 C.F.R. § 17.22(b)(5) and articulated in the 
HCP in Chapter 8.3. 

5.0 ENVIRONMENTAL REVIEW UNDER NATIONAL ENVIRONMENTAL 
POLICY ACT. 

FWS’ approval of the HCP and the issuance of the ITP under Section 10(a)(1)(B) of the ESA to 
Fowler Ridge are actions subject to review under the National Environmental Policy Act 
(NEPA)(42 U.S.C. § 4321 et seq.).  FWS is the federal lead agency under NEPA and has 
evaluated the HCP in compliance with NEPA in the Environmental Impact Statement (EIS). 

6.0 SECTION 106 REVIEW UNDER NATIONAL HISTORIC PRESERVATION ACT 

FWS’ issuance of an ITP to Fowler Ridge triggers review under Section 106 of the National 
Historic Preservation Act (NHPA)(16 U.S.C. § 470f) and its implementing regulations (36 
C.F.R. Part 800).  The Parties have executed a PA , in accordance with 36 C.F.R. Part 
800.14(b)(1)(ii), because effects on historic properties cannot fully be determined prior to FWS 
issuance of the ITP to Fowler Ridge.  The stipulations set forth in the PA are to be implemented 
prior to the start of construction of phase IV and prior to implementation of any Indiana bat 
mitigation by Fowler Ridge. 

7.0 INCORPORATION OF HCP 

The HCP and each of its provisions are intended to be, and by this reference are, incorporated 
herein.  In the event of any direct contradiction between the terms of this IA and the HCP, the 
terms of this IA will control only for purposes of interpreting this IA.  The provisions of the 
HCP, ITP, PA and this IA shall be interpreted to be consistent with and complementary to each 
other.  This IA is not intended to negate or nullify any provision of the ITP, PA and/or the HCP.   

8.0 TERM 

 8.1 Initial Term.  This IA and the HCP will become effective on the date that FWS 
issues the ITP.  Upon the effective date, Permittees may Take the Covered Species while 
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carrying out Covered Activities on the Covered Lands, as authorized by and subject to the 
conditions of this IA, the HCP, the PA and the ITP.  This IA, the HCP, the PA and the ITP will 
remain in effect for twenty-two (22) years from issuance of the original ITP, except as provided 
below. 

 8.2 Permit Suspension or Revocation.  FWS may suspend or revoke the ITP in 
accordance with the laws and regulations in force at the time of the suspension or revocation (see 
5 U.S.C. § 558; 16 U.S.C. § 1539(a)(2)(C); 50 C.F.R. §§ 13.27-13.29).  The suspension or 
revocation may apply to the entire ITP, or only to specified Listed Species, Covered Lands, or 
Covered Activities.  In the event of suspension or revocation, Permittees’ obligations under this 
IA and the HCP will continue until FWS determines that all Take of Covered Species that 
occurred under the ITP has been fully mitigated in accordance with the HCP. 

 8.3 Renewal of the Permit.  Upon agreement of the Parties and compliance with all 
applicable laws and regulations, the ITP may be renewed beyond its initial term in accordance 
with FWS regulations in force on the date of the renewal.  If Permittees desire to renew the ITP, 
they will notify FWS at least 30 days before the then-current term is scheduled to expire.  
Renewal of the ITP constitutes extension of the HCP, the PA and this IA for the same amount of 
time, subject to any amendments that FWS may require at the time of renewal. 

 8.4 Relinquishment.  Permittees may relinquish the ITP.  Such relinquishment shall 
be in accordance with the regulations of FWS in force, if any, on the date of relinquishment (see 
50 C.F.R. § 13.24, §13.26).  If no such regulations exist, Permittees shall provide ninety (90) 
days written notice to FWS of their intent to relinquish the ITP.  Notwithstanding  
relinquishment of the ITP, Permittees shall remain responsible for any outstanding minimization 
and mitigation measures required under the terms of the ITP for Take that occurs prior to 
relinquishment of the ITP.  The ITP shall be deemed cancelled only upon a determination by 
FWS that such minimization and mitigation measures have been implemented.  Upon 
relinquishment of the ITP, no further Take shall be authorized under the terms of the 
relinquished ITP 

9.0 FUNDING 

Permittees warrant that they have, and will expend, funds necessary to fulfill their obligations 
under the HCP.  Permittees will notify FWS within thirty (30) days of the Permittees becoming 
aware of any material change in Permittees’ financial ability to fulfill their obligations.  In 
addition to providing this notice, Permittees will provide FWS with a confidential copy of their 
annual audited financial statements each year of the ITP, or with other reasonably available 
financial information that the Parties agree will provide adequate evidence of Permittees’ ability 
to fulfill their obligations. 

10.0 MONITORING AND REPORTING 
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 10.1 Planned Periodic Reports.   Permittees will provide FWS with the reports 
described in Chapter 5.4.1.7 of the HCP at the notice address then in effect for FWS, and will 
provide any available information requested by FWS to verify the information contained in such 
reports.    

 10.2 Other Reports.  Permittees will provide, within thirty (30) days of being 
requested by FWS, any additional information in their possession or control related to the HCP’s 
implementation that FWS reasonably requests to assess whether the terms and conditions of the 
ITP and the HCP are being fully implemented.  

 10.3 Certification of Reports.  All reports will include the following certification 
from a responsible company official who supervised or directed preparation of the report: 

“I certify under penalty of law, that to the best of my knowledge, after appropriate 
inquiries of all relevant persons involved in the preparation of this report, the 
information submitted is true, accurate and complete in all material respects.” 

 10.4 Monitoring by FWS.  FWS may conduct inspections and monitoring in 
connection with the ITP in accordance with FWS regulations. 

11.0 CHANGED CIRCUMSTANCES 

 11.1 Permittees-Initiated Response to Changed Circumstances.  Permittees will 
give notice to FWS within seven (7) days after learning that any of the Changed Circumstances 
listed in Chapter 8.4 of the HCP has occurred.   Permittees will modify their activities in the 
manner described in Chapter 8 of the HCP to the extent necessary to mitigate the effects of the 
Changed Circumstances on Covered Species as soon as practicable, but no later than thirty (30) 
days after learning of the Changed Circumstances, or such other period necessary to make the 
modification(s), as agreed to by FWS and the Permittees, and will report to FWS on their 
actions.  Permittees will make these modifications without awaiting notice from FWS. 

 11.2 FWS-Initiated Response to Changed Circumstances.  If FWS determines that 
Changed Circumstances provided for in the HCP have occurred and that Permittees have not 
responded in accordance with Chapter 8.4 of the HCP, FWS will notify Permittees and will 
direct Permittees to make the required changes.  Permittees will report to FWS on their actions or 
intended actions within thirty (30) days after receiving notice from the FWS and shall make the 
required changes in the period of time necessary to implement the changes, as agreed to by FWS 
and the Permittees.  Such changes are provided for in the HCP and hence do not constitute 
Unforeseen Circumstances or require amendment of the ITP or HCP.   

 11.3 Listing of Species that are not Covered Species.  In the event that a non-
Covered Species that may be adversely affected by Covered Activities becomes listed under the 
ESA, Permittees will evaluate the potential for Take based upon the HCP and other relevant 
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information.  If Permittees notify FWS that the Covered Activities may Take the species, or if 
FWS disagrees with Permittees’ determination that the Covered Activities will not Take the 
species, the Parties shall meet and confer in order to develop an appropriate response.  Permittees 
will implement reasonable  measures necessary to prevent take and/or jeopardy identified by 
FWS until (1) Take of the non-Covered Species is authorized under Section 10 of ESA, either by 
amendment to the existing ITP and HCP, issuance of a new ITP and corresponding HCP, or 
negotiation of a Safe Harbor Agreement; or (2) FWS notifies Permittees that the measures are no 
longer needed to avoid jeopardy to the non-Covered Species, take of the non-Covered Species, or 
adverse modification of the critical habitat of the non-Covered Species. 
 
 

12.0 ADAPTIVE MANAGEMENT 
 

 12.1 Permittees-Initiated Adaptive Management.  Permittees will implement the 
adaptive management provisions in Chapter 5.4 of the HCP when changes in management 
practices are necessary to achieve the HCP’s biological objectives or to respond to monitoring 
results or new scientific information.  Permittees will make these changes without awaiting 
notice from FWS and will report to FWS on any actions taken under this Chapter. 

 12.2 FWS-Initiated Adaptive Management.  If FWS determines that one or more of 
the adaptive management provisions in the HCP have been triggered and that Permittees have 
not changed their management practices in accordance with Chapter 5.4 of the HCP, FWS will 
notify Permittees and will direct Permittees to make the required changes.  Permittees will report 
to FWS on their actions or intended actions within thirty (30) days after receiving notice from the 
FWS and shall make the required changes in the period of time necessary to implement the 
changes, as agreed to by FWS and the Permittees.  These changes are provided for in the HCP 
and hence do not constitute Unforeseen Circumstances or require amendment of the ITP or HCP. 

 12.3 Reductions in Mitigation.  Permittees will not implement adaptive management 
changes that may result in less mitigation than provided for the Covered Species under the 
original terms of the HCP unless FWS first provides written approval.  In such circumstances, 
Permittees may propose the adaptive management changes by notice to FWS, specifying the 
adaptive management modifications proposed, the basis for them, including supporting data, and 
the anticipated effects on the Covered Species, and other environmental impacts.  Within one 
hundred twenty (120) days of receiving the notice, FWS will either approve the proposed 
adaptive management changes, approve them as modified by FWS, or notify Permittees that the 
proposed changes constitute permit amendments that must be processed in accordance with 
Chapter 8.6 of the HCP. 
 
 12.4 No Increase in Take.  This Section does not authorize any modifications that 
would increase the amount of Take or increase the impacts of Take of Covered Species beyond 
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those analyzed under the original HCP and any amendments thereto.  Any such modification 
must be processed in accordance with Chapter 8.6 of the HCP. 
 
13.0 LAND TRANSACTIONS 

 13.1 Acquisition of Land by Permittees.  Nothing in this IA, the HCP, the PA or the 
ITP limits the Permittees’ right to acquire additional lands.  The ITP will not cover any lands that 
Permittees acquire except upon amendment of the ITP as provided in Chapter 8.6 of the HCP. 

 13.2 Disposal of Land by Permittees.  Permittees may not sell any lands included in 
Covered Lands, or exchange any portion thereof, to any new party during the term of this IA, 
unless (a) the ITP and HCP are modified to delete such lands; or (b) the lands are transferred to a 
third party who has agreed to be bound by the terms of the HCP.  In responding to any requests 
to remove lands from Covered Lands, the FWS shall consent to such proposed removal unless it 
finds that the proposed removal of land would materially compromise the effectiveness of the 
HCP.  In such a case, the FWS shall notify Permittees in writing of this determination, and the 
Parties shall promptly meet to discuss potential modifications to the ITP, PA and HCP to address 
the FWS’ concerns.  If Permittees sell or exchange any of the Covered Lands, upon sale or 
exchange such lands shall not be deemed a portion of the Covered Lands. 

14.0 MODIFICATIONS AND AMENDMENTS 

14.1 Minor Amendments. 

14.1.1 Any Party may propose minor modifications to the HCP or this IA by 
providing notice to each Party.  Such notice shall include a statement of the reason for the 
proposed modification and an analysis of its environmental effects, including its effects 
on operations under the HCP and on Covered Species.  The Parties will use reasonable 
efforts to respond to proposed modifications within sixty (60) days of receipt of such 
notice.  Proposed modifications will become effective upon all Parties' written approval.  
If for any reason a receiving Party objects to a proposed modification, the modification 
must be processed as an amendment of the ITP in accordance with subsection 13.2 of this 
section.  The FWS will not propose or approve minor modifications to the HCP or this IA 
if FWS determines that such modifications would result in operations under the HCP that 
are significantly different from those analyzed in connection with the original HCP, 
adverse effects on the environment that are new or significantly different from those 
analyzed in connection with the original HCP, or additional Take not analyzed in 
connection with the original HCP.  

14.1.2 Minor modifications to the HCP and this IA processed pursuant to this 
subsection may include but are not limited to the following: 
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(a) corrections of typographic, grammatical, and similar editing errors 
that do not change the intended meaning; 

(b) corrections of any maps or exhibits to correct minor errors in 
mapping or to reflect previously approved changes in the ITP or HCP; and 

(c) minor changes to survey, monitoring or reporting protocols. 

14.1.3 Any other modifications to the HCP or this IA will be processed as 
amendments of the ITP in accordance with subsection 13.2 of this section. 

14.2 Amendment of the ITP.  The ITP may be amended in accordance with all 
applicable legal requirements, including but not limited to the ESA, NEPA, and FWS' 
regulations.  The Party proposing the amendment shall provide a statement of the reasons for the 
amendment and an analysis of its environmental effects, including its effects on operations under 
the HCP and on Covered Species.   

15.0 REMEDIES, ENFORCEMENT, AND DISPUTE RESOLUTION 

 15.1 In General.  Except as set forth below, each Party shall have all remedies 
otherwise available to enforce the terms of this IA, the ITP, the PA and the HCP. 

 15.2 No Monetary Damages.  No Party shall be liable in damages to any other Party 
or other person for any breach of this IA, any performance or failure to perform a mandatory or 
discretionary obligation imposed by this IA or any other cause of action arising from this IA. 

 15.3 Injunctive and Temporary Relief.  The Parties acknowledge that the Covered 
Species are unique and that therefore injunctive and temporary relief may be appropriate to 
ensure compliance with the terms of this IA. 

 15.4 Enforcement Authority of the United States.  Nothing contained in this IA is 
intended to limit the United States government’s authority to seek civil or criminal penalties or 
otherwise fulfill its enforcement responsibilities under the ESA or other applicable law. 

 15.5 Dispute Resolution.  The Parties recognize that disputes concerning 
implementation of, compliance with, suspension of, or termination of this IA, the HCP, the PA 
and the ITP may arise from time to time.  The Parties agree to work together in good faith to 
resolve any disputes, using the informal dispute resolution procedures set forth in this section or 
other procedures upon which the Parties may later agree.  However, if at any time any Party 
determines that circumstances warrant, it may seek any available remedy without waiting to 
complete informal dispute resolution.  Unless the Parties agree upon another dispute resolution 
process, or unless an aggrieved Party has initiated administrative proceedings or suit in federal 
court as provided in this section, the Parties may use the following process to attempt to resolve 
disputes: 
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15.5.1 The aggrieved Party will notify the other Party of the provision that may 
have been violated, the basis for contending that a violation has occurred, and the 
remedies it proposes to correct the alleged violation. 

15.5.2 The Party alleged to be in violation will have thirty (30) days, or such 
other time as may be agreed, to respond.  During this time it may seek clarification of the 
information provided in the initial notice.  The aggrieved Party will use its best efforts to 
provide any information then available that may be responsive to these inquiries. 

15.5.3 Within thirty (30) days after the response was provided or was due, the 
Parties’ representatives having authority to resolve the dispute will meet and negotiate in 
good faith toward a solution satisfactory to all Parties, or will establish a specific process 
and timetable to seek a solution. 

15.5.4 If any issues cannot be resolved through negotiations, the Parties will 
consider non-binding mediation and other alternative dispute resolution processes and, if 
a dispute resolution process is agreed upon, will make good faith efforts to resolve all 
remaining issues through that process. 

15.5.5 The Parties reserve the right, at any time without completing informal 
dispute resolution, to use whatever powers and remedies are available by law or 
regulation to ensure enforcement of or adherence to the HCP, this IA, the PA and the 
ITP, including but not limited to, in the case of the FWS, suspension or revocation of the 
ITP and civil or criminal penalties. 

16.0 MISCELLANEOUS PROVISIONS 

 16.1 No Partnership.  Neither this IA, the PA nor the HCP shall make or be deemed 
to make any Party to this IA the agent for or the partner of any other Party. 

 16.2 Notices.  Any notice permitted or required by this IA shall be in writing, delivered 
personally to the persons listed below, or shall be deemed given five (5) days after deposit in the 
United States Mail, certified and postage prepaid, return receipt requested and addressed as 
follows, or at such other address as any Party may from time to time specify to the other Party in 
writing.  Notices may be delivered by facsimile or other electronic means, provided that they are 
also delivered personally or by certified mail, and such electronic notices shall thereafter be 
deemed effective upon receipt.  Notices shall be transmitted so that they are received within the 
specified deadlines. 

Fowler Ridge:   Fowler Ridge Wind Farm 
C/O: Asset Management 
700 Louisiana St., 32nd floor 

Houston, Texas 77002 
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Telephone: (713) 354-2100 
Fax: 713-354-2120 
 

USFWS: Field Office Supervisor 
Bloomington, Indiana Field Office 
U.S.  Fish & Wildlife Service 
620 South Walker Street 
Bloomington, Indiana 47403-2121 
Telephone:  (812) 334-4261 
Fax:  (812) 334-4273 

16.3 Severability.  If any provision of this IA is found invalid or unenforceable, all 
other provisions shall remain in effect to the extent they can be reasonably applied in the absence 
of the invalid or unenforceable provision. 

 16.4 Entire Agreement.  This IA, together with the HCP, ITP, and PA, constitute the 
entire agreement among the Parties.  Excepting the HCP, ITP, and PA, this IA supersedes any 
and all other agreements, either oral or in writing, among the Parties with respect to the subject 
matter hereof and contains all of the covenants and agreements among them with respect to said 
matters, and each Party acknowledges that no representation, inducement, promise or agreement, 
oral or otherwise, has been made by any other Party or anyone acting on behalf of any other 
Party that is not embodied herein.  Further, no separate agreement among the permittees, 
including but not limited to the Common Facilities Agreement dated June 10, 2009, as amended, 
shall in any way limit, restrict, diminish or otherwise affect in any respect the joint and several 
liability of the permittees for the obligations assigned to them under the ITP, HCP, PA and this 
IA. 

 16.5 Elected Officials not to Benefit.  No member of or delegate to Congress shall be 
entitled to any share or part of this IA, or to any benefit that may arise from it. 

 16.6 Availability of Funds.  FWS’ implementation of this IA, the PA  and the HCP is 
subject to the requirements of the Anti-Deficiency Act (31 U.S.C. § 1341) and the availability of 
appropriated funds.  Nothing in this IA will be construed by the Parties to require the obligation, 
appropriation, or expenditure of any money from the United States Treasury.  The Parties 
acknowledge this IA does not require FWS to expend any federal agency’s appropriated funds 
unless and until an authorized official of that agency affirmatively acts to commit to the 
expenditures as evidenced in writing. 

 16.7 Duplicate Originals.  This IA may be executed in any number of duplicate 
originals, and shall be deemed effective as of the date of the signature of the last Party to sign.  A 
complete original of this IA shall be maintained in the official records of each of the Parties 
hereto. 
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 16.8 No Third-Party Beneficiaries.  Without limiting the applicability of rights 
granted to the public under the ESA or other federal law, this IA shall not create any right or 
interest in the public, or any member thereof, as a third-party beneficiary hereof, nor shall it 
authorize anyone who is not a Party to this IA to maintain a suit for personal injuries or damages 
pursuant to the provisions of this IA.  The Parties’ duties, obligations, and responsibilities with 
respect to third parties shall remain as imposed under existing law. 

 16.9 Relationship to the ESA and Other Authorities.  The terms of this IA shall be 
governed by and construed in accordance with the ESA and applicable federal law.  In particular, 
nothing in this IA is intended to limit FWS’ authority to seek civil or criminal penalties or 
otherwise fulfill its responsibilities under the ESA.  Moreover, nothing in this IA is intended to 
limit or diminish the legal obligations and responsibilities of FWS as an agency of the federal 
government.  Nothing in this IA will limit the right or obligation of any federal agency to engage 
in consultation required under ESA Section 7 or other federal law; however, it is intended that 
Permittees’ rights and obligations under the HCP, ITP, PA and this IA will be considered in any 
consultation affecting Permittees’ use of the Covered Lands.  Nothing in this IA is intended to 
limit Permittees’ rights under the HCP, the PA, this IA, and the ITP and ability to exercise those 
rights under applicable law. 

 16.10 References to Regulations.  Any reference in this IA, the HCP, the PA or the ITP 
to any FWS regulation or rule shall be deemed to be a reference to the regulation or rule in 
existence at the time an action is taken. 

 16.11 Applicable Laws.  All activities undertaken under this IA, the HCP, the PA or the 
ITP must be in compliance with all applicable state and federal laws and regulations. 

 16.12 Successors, Assigns, and Transfers.  This IA and each of its covenants and 
conditions shall be binding on and shall inure to the benefit of the Parties and their respective 
successors and assigns.  Assignment or other transfer of the ITP shall be governed by the FWS 
regulations in force at the time. 

 16.13 Authorized Parties.  Each Party warrants that the signatory below is authorized 
to execute this IA on behalf of that Party. 

 IN WITNESS WHEREOF, THE PARTIES HERETO have executed this IA to be in 
effect as of the date last signed below. 
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United States Fish and Wildlife Service 

BY:        Date    

 Charles Wooley 

Deputy Regional Director, FWS 

Region 3 - Bloomington, MN 

 
 
Fowler Ridge Wind Farm LLC 
Fowler Ridge II Wind Farm LLC 
Fowler Ridge III Wind Farm LLC 
Fowler Ridge IV Wind Farm LLC 
 
BY:        Date    

Larry Folks 
Management Committee Representative and Senior Vice President 

 700 Louisiana St. 
Houston, TX 77002 
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EXHIBITS 
 
A. Fowler Ridge Wind Farm Habitat Conservation Plan 



 
 
 
 

Appendix H 
 

USFWS Template Language 
to be Included in Easement and Fee Simple Conveyances 

 
 



  
USFWS TEMPLATE LANGUAGE 

TO BE INCLUDED IN EASEMENT AND FEE SIMPLE CONVEYANCES 
 
 

Real property deeds, transfers, and conservation easements take a variety of forms. To provide 
uniformity and consistency when implementing the Habitat Conservation Plan and Incidental 
Take Permit (HCP/ITP) mitigation requirements, this Template presents the legal text to be 
included when drafting those conveyance documents. Where indicated, there may be flexibility 
in terms of the language used or the content of a particular provision.  
 
This Template reflects the organization and content of a standard conveyance document in that 
it includes recitals, purpose, rights, interpretation and miscellaneous provisions. Restrictions 
on uses and reserved rights appear at the end.  
 
 

************************************** 
 
 
 
The following legal recitals must be included in any legal document conveying a real property 
interest over conservation lands. Due to variations in state law and the type of conveyance that 
may be used, and the preferences of the parties as to the format of their documentation, the 
wording of these recitals may need to change, but must remain substantially similar in content. 
The parties are entitled to include other recitals that are not contradictory.  
 
 

RECITALS 
 

 
WHEREAS, this ____________ [insert type of conveyance] is conveyed this _______ day of 
_______, from _______ [name], a _______ [description of entity], Grantor, with an address 
of_______, to _______ [name], a _______ [description of entity], Grantee, with an address of 
_______; and  
 
WHEREAS, the Grantor is [the owner in fee simple of][current holder of an easement or lease, over, 
through and across] certain real property, hereinafter called the "Protected Property," which has 
ecological, scientific, educational and aesthetic value in its present state as a natural area which has 
not been subject to development or exploitation [or describe status with respect to development or 
exploitation] , which property is located in _______ and is more particularly described in Exhibit A, 
attached hereto and incorporated by this reference; and  
 
(If applicable) WHEREAS, the Grantee, is a nonprofit corporation incorporated under the laws of 
[State, Commonwealth, or District] as a tax-exempt public charity under Section 501(c)(3) and/or 
509(a)(1) of the Internal Revenue Code of 1986, as amended, and the regulations promulgated 
pursuant thereto (“IRC”); Grantee, whose purpose is to preserve natural areas for scientific, 
charitable, educational and aesthetic purposes, is qualified under section 170(h) of the IRC to receive 
qualified conservation contributions; and  
 



(If applicable) WHEREAS, the Protected Property is a significant natural area which qualifies as a 
"...relatively natural habitat of fish, wildlife, or plants, or similar ecosystem," as that phrase is used in 
P.L. 96-541, 26 USC 170(h)(4)(A)(ii), as amended, and in regulations promulgated thereunder; 
specifically, the Protected Property is habitat for the _______ [ESA listed species for which 
mitigation is required]; and  
 
WHEREAS, the Protected Property consists of _______ [general description of habitat] and 
conservation of the Protected Property will protect and enhance _______ [describe habitat values to 
be conserved], particularly as it relates to the [ESA listed species] with regard to _______ [discuss 
species needs and behaviors (e.g., breeding, feeding, sheltering, migration, etc.]; the Protected 
Property’s_______ [describe habitat values] provides [or will provide] suitable ______ habitat for 
the_______ [ESA listed species]; and  
 
WHEREAS, the United States Fish and Wildlife Service (the “USFWS”) within the United States 
Department of the Interior, is authorized by federal law to administer the federal Endangered Species 
Act (hereinafter “ESA”), 16 U.S.C. § 1531 et seq., and other laws and regulations; and  
 
WHEREAS, the _______ [ESA listed species] has been listed as _______ [insert species listing 
status; e.g., endangered or threatened] by the USFWS under the ESA; and  
 
WHEREAS, ______ applied to the USFWS for the issuance of an Incidental Take Permit (the 
“ITP”), submitted a Habitat Conservation Plan (“HCP”) pursuant to ESA Section 10 regarding its 
______________, and was issued an ITP on _______ [insert date]; and  
 
WHEREAS, ______ is required to mitigate for take of ESA listed species, including _______ 
[species to be conserved through this conveyance], in a manner and amount consistent with the terms 
of its HCP, and intends to accomplish said mitigation through acquisition and permanent 
preservation of the Protected Property, and implementation of mitigation measures on the Protected 
Property, if necessary; and  
 
WHEREAS, the specific conservation values of the Protected Property are documented in an 
Easement Documentation Report, prepared by _______ [insert name of entity preparing report] and 
signed and acknowledged by the Grantor, establishing the baseline condition of the Protected 
Property at the time of this grant and including reports, maps, photographs, and other documentation; 
and  
 
WHEREAS, the Grantor and Grantee have the common purpose of conserving the above-described 
conservation values of the Protected Property in perpetuity; and  
 
[If through a conservation easement] WHEREAS, the State [or Commonwealth] of _______has 
authorized the creation of Conservation Easements pursuant to _______ [insert citation to state law] 
and Grantor and Grantee wish to avail themselves of the provisions of that law;  
 
NOW, THEREFORE, the Grantor, for and in consideration of the facts above recited and of the 
mutual covenants, terms, conditions and restrictions herein contained and as an absolute and 
unconditional gift [or consideration of $1], does hereby give, grant, bargain, sell and convey unto  



the Grantee, a _______ [insert type of conveyance] in perpetuity over the Protected Property of the 
nature and character and to the extent hereinafter set forth.  
 
 

************************************ 
 
 
 
The following provisions should be incorporated in their entirety. Any deviation must be both 
substantially similar and approved by U.S. Fish and Wildlife USFWS, in consultation with its 
Solicitor, prior to execution and recording.  
 
 

PURPOSE 
 

It is the primary purpose of this _______ [insert type of conveyance] to assure that the Protected 
Property will be retained forever in its _______[insert type of habitat] as suitable for the_______ 
[insert ESA listed species], irrespective of the federal listing status of the species; [optional, 
depending on Grantee’s interest:  and also to the extent consistent with the primary purpose, to 
protect any other rare plants, animals, or plant communities on the Protected Property, and to 
ensure the Protected Property remains permanently in a natural, scenic and _____ [describe habitat 
, e.g., forested, etc.] condition; and to prevent any use of the Protected Property that will significantly 
impair or interfere with the conservation values or interests of the Protected Property described 
above. Grantor intends that this _______ [insert type of conveyance] will confine the use of the 
Protected Property to such activities as are consistent with the purpose of this _______ [insert type of 
conveyance].  
 
 
 

 
THE USFWS AS THIRD-PARTY BENEFICIARY:  ENFORCEMENT AND REMEDIES 

 
1. The parties hereto agree that, because of the USFWS’s duties and powers arising under the ESA 
and consistent with _________’s commitments to its HCP and ITP, the USFWS has a clear and 
substantive interest in the preservation and enforcement of this_______ [insert type of conveyance]. 
Therefore, the parties grant to the USFWS, its agents, successors and assigns, the rights and standing 
to be noticed, to enter the Protected Property, to approve or disapprove requests, and to enforce this 
_______ [insert type of conveyance] as described in this section and according to its terms.  
 
2. Grantor or Grantee, as appropriate, shall notify the USFWS in writing of the names and addresses 
of any party to whom the Protected Property, or any part thereof, is to be granted, conveyed or 
otherwise transferred, said notice to be provided at or prior to the time said transfer is consummated.  
 
3. This _______ [insert type of conveyance] does not convey a general right of access to the public, 
except that the USFWS, its agents, contractors, and assigns, may enter onto the Protected Property at 
any time upon 24 hours notice to Grantor or Grantee, as appropriate, for the purpose of conducting 
inspections to determine compliance with the terms contained herein, for the purpose of assessing the 
_______ [ESA listed species] population status and vegetative habitat suitability, in accordance with 
the terms of the ITP, HCP and the ESA implementing regulations at 50 C.F.R. Parts 13, Subparts C 



and D, or for the purpose of conducting _______ [specific management or monitoring activities] in 
accordance with the terms of the HCP.   
 
4. In addition to any other rights and remedies available to the USFWS at law or in equity, the 
USFWS shall have the right, but not the obligation to enforce this _______ [insert type of 
conveyance] and is entitled to exercise the same remedies available to Grantee, identified in 
paragraph _______ [paragraph that lists Grantee enforcement rights]. The USFWS may do so upon 
the written request of Grantee or if Grantee fails to enforce the_______ [insert type of conveyance]. 
Prior to taking any enforcement action, the USFWS shall notify Grantee in writing of its intention 
and shall afford Grantee a reasonable opportunity to negotiate a remedial action and settlement with 
Grantor or commence its own enforcement action. No failure on the part of the USFWS to enforce 
any term, condition, or provision hereof shall discharge or invalidate such term, condition, or 
provision to affect its right or that of Grantee or Grantor to enforce the same. 
 
 

OTHER MANDATORY PROVISIONS 
 
Assignment. The parties hereto recognize and agree that the benefits of this _______[insert type of 
conveyance] are in gross and assignable, and the Grantee hereby covenants and agrees that in the 
event it transfers or assigns _______ [property interest], it shall obtain written concurrence of the 
USFWS, and the organization receiving the interest will be a qualified organization as that term is 
defined in Section 170(h)(3) of the IRC (or any successor section) and the regulations promulgated 
thereunder, which is organized and operated primarily for one of the conservation purposes specified 
in Section 170(h)(4)(A) of the IRC, and Grantee further covenants and agrees that the terms of the 
transfer or assignment will be such that the transferee or assignee will be required to continue to 
carry out in perpetuity the conservation purposes which the contribution was originally intended to 
advance.  
 
Subsequent Transfers. The Grantor agrees that the terms, conditions, restrictions and purposes of this 
grant or reference thereto will be inserted by Grantor in any subsequent deed or other legal 
instrument by which the Grantor divests any retained, reserved or reversionary interest and by 
Grantee if Grantee subsequently transfers any fee simple title or possessory interest in the Protected 
Property; and Grantor and Grantee further agree to notify Grantee or Grantor, as appropriate, and the 
USFWS of any pending transfer at least thirty (30) days in advance.  
 
Government Permits and Approvals. The conveyance of this _______ [insert type of conveyance] by 
the Grantor to the Grantee does not replace, abrogate, or otherwise set aside any local, state or federal 
laws, requirements or restrictions applicable to the Protected Property and shall not relieve Grantor of 
the obligation and responsibilities to obtain any and all applicable federal, state, and local 
governmental permits and approvals, if necessary, to exercise Grantor's retained rights and uses of 
the Protected Property even if consistent with the conservation purposes of this_______ [insert type 
of conveyance].  
 
Eminent Domain. Whenever all or part of the Protected Property is taken in exercise of eminent 
domain by public, corporate, or other authority so as to abrogate the restrictions imposed by 
this_______ [insert type of conveyance], the Grantor and the Grantee shall join in appropriate actions 
at the time of such taking to recover the full value of the taking and all incidental or direct damages 
resulting from the taking, which proceeds shall be divided_______ [insert method], and _______ 



[discuss how proceeds will be spent]. All expenses incurred by the Grantor and the Grantee in such 
action shall be paid out of the recovered proceeds.   
 
Interpretation. This _______ [insert type of conveyance] shall be interpreted and performed pursuant 
to the laws of the State in which it is recorded, the federal Endangered Species Act, and other 
applicable federal laws.  
 
Severability. If any provision in this instrument is found to be ambiguous, an interpretation consistent 
with the purposes of this _______ [insert type of conveyance] that would render the provision valid 
shall be favored over any interpretation that would render it invalid. If any provision of this _______ 
[insert type of conveyance] or the application thereof to any person or circumstance is found to be 
invalid, the remainder of the provisions of this _______ [insert type of conveyance] and the 
application of such provisions to persons or circumstances other than those as to which it is found to 
be invalid shall not be affected thereby.  
 
Successors and Assigns. The term "Grantor" shall include the Grantor and the Grantor's successors 
and assigns and shall also mean the masculine, feminine, corporate, singular or plural form of the 
word as needed in the context of its use. The term "Grantee" shall include _______ and its successors 
and assigns.  
 
Notices. Any notices, consents, approvals or other communications required in this _______ [insert 
type of conveyance] shall be sent by registered or certified mail to the appropriate party or its 
successor in interest at the following address or such address as may be hereafter specified by notice 
in writing:  
 
Grantor:  
Grantee:  
USFWS:  
[Others:]  
 
Counterparts. The parties may execute this instrument in two or more counterparts, which shall, in 
the aggregate, be signed by both parties; each counterpart shall be deemed an original instrument as 
against any party who has signed it. In the event of any disparity between the counterparts produced, 
the recorded counterpart shall be controlling.  
 
Captions. The captions herein have been inserted solely for convenience of reference and are not a 
part of this _______ [insert type of conveyance] and shall have no effect upon construction or 
interpretation.  
 
 

*************************************** 
 
Additionally, each conveyance must include provisions to address the following topics. The 
contents of these provisions must be negotiated by the parties. They may therefore differ 
considerably depending on the property, values to be conserved, and the intensity of 
management and monitoring required. There is no prescribed template for the following 
provisions. But the USFWS has recommended language it can provide the parties if desired:  
 
Monitoring and Management;  



Endowment [if applicable];  
Cost and Liabilities;  
Taxes;  
Title;  
Standing;  
Extinguishment;  
Merger;  
Parties subject to the conveyance; and,  
Grantee Rights of Entry and Enforcement [which must include, at a minimum, the right to: 1) prevent 
any activity on or use of the Protected Property that is inconsistent with the purpose of the 
conveyance and to require the restoration of such areas or features of the Protected Property that may 
be damaged by any inconsistent activity or use; 2) bring an action at law or equity in a court of 
competent jurisdiction to enforce the terms of the conveyance; 3) require the restoration of the 
Protected Property to its previous condition; 4) enjoin non-compliance by ex parte temporary or 
permanent injunction in a court of competent jurisdiction; and/or, 5) recover any damages arising 
from such noncompliance.]  
 
 

************************************** 
 
Also, each conveyance must include the following text regarding force majeure. This text may 
be revised only to reflect any binding contingencies for adaptive management and changed 
circumstances, if any, memorialized in the HCP or ITP. But any changes must first be reviewed 
and approved by the USFWS in consultation with its Solicitor.  
 
Neither absence of [ESA listed species] from the Protected Property nor a loss of or significant injury 
to conservation values for the _______ [ESA listed species] due to circumstances including, but 
without limitation, fire, flood, storm, disease, or seismic events, shall be construed to render the 
purpose of this _____________ [insert type of conveyance] impossible to accomplish and shall not 
terminate or extinguish this ___________ [insert type of conveyance] in whole or in part. In the case 
of loss of or significant injury to any of the conservation values for the [ESA-listed species] due to 
fire, flood, storm, disease, seismic events or similar circumstances, the Grantor or Grantee may, but 
shall not be required to, seek to undertake measures in consultation with the USFWS to restore such 
conservation values, subject to the terms of the HCP/ITP.  



INDIANA BAT (SUMMER/SWARMING HABITAT) 
USE RESTRICTIONS AND RESERVED RIGHTS1 

 
RESTRICTIONS 

 
General Description  

 
Legal Description to be included in Conveyance  

 
No Industrial Use  

 
No industrial activities, including but not limited to the 
construction or placement of buildings or parking 
areas, shall occur on the Protected Property  

 
No New Residential Use  

 
No new residential structures or appurtenances, 
including but not limited to the construction or 
placement of new homes, mobile homes or storage 
sheds, shall be constructed on the Protected Property.  

 
No Commercial Use  

 
No commercial activities shall occur on the Protected 
Property, except for the low impact recreational uses 
explicitly identified under Reserved Rights.  

 
No Agricultural Use  

 
No new agricultural activities that were not previously 
documented as part of the baseline conditions shall 
occur on the Protected Property, including the use of 
the Protected Property for cropland, waste lagoons, 
detention or collection ponds, or pastureland.  

 
No Vegetative Clearing  

 
No forestry or timbering activities shall occur on the 
Protected Property, except that 1) Grantee maintains 
the right to conduct silvicultural modifications with the 
intent to improve listed species habitat within the 
Protected Property through reforestation, afforestation 
or silvicultural management to improve the health of 
the Indiana bat habitat; and 2) limited vegetative 
clearing may occur as described under Reserved Rights 
only.  

 
Development Rights Extinguished  

 
No development rights which have been encumbered 
or extinguished by this _________ [insert type of 
conveyance] shall be transferred pursuant to a 
transferable development rights scheme or cluster 
development arrangement or otherwise.  

 
No Subdivision  

 
The Protected Property may not be divided or 
subdivided. Further, the Protected Property may not be 
divided, partitioned,  nor conveyed except in its current 
configuration as an entity.  

 

                                                            
1USFWS acknowledges that there may be limited or extenuating circumstances that may warrant a deviation from 
this required boilerplate. The nature of the restrictions and consideration of allowable uses will necessarily depend 
on the land to be protected. Grantors or Grantees who wish to alter the language of these provisions bear the burden 
of demonstrating to the satisfaction of _____ and USFWS that doing so would not diminish or interfere with the 
conservation of Indiana bats and their habitat. Any such change(s) must be approved by USFWS in writing, after 
consulting with agency counsel, and prior to execution of the conveyancing document.  
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DNR Indiana Depa.""ent of Natum' Reso",ces 

February 28, 2013 

Mrs. Blayne Gunderman 
Environmental Manager 
BP Wind Energy NA, Inc. 
700 Louisiana St, 33 rd Floor 
Houston, Texas 77002 
(713)299-3100 

Mr. Scott Pruitt 
Field Supervisor 
U.S. Fish and Wildlife Service 
Ecological Services Field Office 
620 S. Walker Street 
Bloomington, Indiana 47403 
(812)334-4261 Ext. 1214 

Dear Mrs. Gunderman and Mr. Pruitt: 

Michael R. Pence, Governor 
Robert E. Carter, Jr., Director 

The purpose of this letter is to address the proposed gating project and subsequent monitoring 
activities at Wyandotte Cave. Wyandotte Cave is a state owned property and occurs within the 
O'Bannon Woods State Park located in Crawford County. The Indiana Department of Natural 
Resources (IDNR) has conducted various monitoring activities at the cave over the past several 
decades. 

As a requirement of their Habitat Conservation Plan (HCP), the Fowler Ridge Wind Farm 
(FRWF) proposes to remove and replace the current gate at Wyandotte Cave in order to protect 
Indiana bats (Myotis sodalis) that are currently hibernating in an area of the cave that is outside 
of the current gate. The IDNR will have final approval authority concerning the location and 
design of the new gate and will provide Section 106 coordination for the gate construction. This 
gating project is being implemented to mitigate for the incidental take of Indiana bats as a result 
of the operation of the FRWF. In addition to the mitigation actions, the HCP requires monitoring 
be completed to ensure success of those mitigation actions. 

This letter serves as confirmation that the IDNR will continue to conduct monitoring activities at 
Wyandotte Cave and will provide all necessary information to FRWF to ensure compliance with 
their HCP. Monitoring activities to be done include: 1) weekly checking of the gate by 
O'Bannon Woods State Park personnel to ensure the gate is intact and has not been damaged or 
breached; 2) installation and maintenance of dataloggers, and downloading of data collected by 
the dataloggers (i.e. temperature, humidity, air flow inside the cave); and 3) installation and 
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maintenance of speloggers, and downloading of data collected by the speloggers (i.e. human 
visitation occurrences). A summary report of monitoring activities will be provided annually for 
12 years following installation on the new gate and will include: data from speloggers and 
dataloggers, digital photographs of the gate and cave entrance, and any management 
recommendations. To ensure that any required management actions can be taken prior to the 
upcoming hibernation period, the winter habitat mitigation report will be submitted to FR WF 
annually by June 30. In the event the IDNR cannot continue these monitoring activities, the 
IDNR will work with FR WF to ensure subsequent monitoring under the Hep is performed by 
qualified personnel using approved protocols. 

Please contact Scott Johnson via phone (812-334-1137) or email (sjohnson@dnr.IN.gov) with 
any questions or concerns. 

~sincerM' ~'O <-£\ 
J hn M. Davis ~ ) 
Deputy Director 
Dept. of Natural Resources 
402 W. Washington St. Rm W256 
Indianapolis, Indiana 46204 
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